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Abstract. We present the kinematics of a sample of 398 DA white dwarfs from the SPY project (ESO SN Ia
Progenitor surveY) and discuss kinematic criteria for distinguishing of thin-disk, thick-disk, and halo populations.
This is the largest homogeneous sample of white dwarfs for which 3D space motions have been determined. Since
the percentage of old stars among white dwarfs is higher than among main-sequence stars, they are presumably
valuable tools in studies of old populations, such as the halo and the thick disk. Studies of white-dwarf kinematics
can help to determine the fraction of the total mass of our Galaxy contained in the form of thick-disk and halo
white dwarfs, an issue which is still under discussion. Radial velocities and spectroscopic distances obtained by
the SPY project were combined with our measurements of proper motions to derive 3D space motions. Galactic
orbits and further kinematic parameters were computed. We calculated individual errors of kinematic parameters
by means of a Monte Carlo error propagation code. Our kinematic criteria for assigning population membership
were deduced from a sample of F and G stars taken from the literature, for which chemical criteria can be
used to distinguish between a thin-disk, a thick-disk and a halo star. Our kinematic population classification
scheme is based on the position in the U -V -velocity diagram, the position in the Jz-eccentricity diagram, and
the Galactic orbit. We combined this with age information and found seven halo and 23 thick-disk white dwarfs
in this brightness limited sample. Another four rather cool white dwarfs probably also belong to the thick disk.
Correspondingly 2% of the white dwarfs belong to the halo and 7% to the thick disk. The mass contribution of
the thick-disk white dwarfs is found to be substantial, but is insufficient to account for the missing dark matter.
Key words. Stars: white dwarfs – Stars: kinematics – Galaxy: halo – Galaxy: thick disk – Galaxy: kinematics and
dynamics
1. Introduction: population membership of white
dwarfs
White dwarfs are the evolutionary end-products of most
stars. Since they are faint objects, only the nearby ob-
jects have been detected so far; however, a large number of
white dwarfs should be present in the Galaxy. Determining
the contribution of white dwarfs to the total mass of the
Galaxy could help to solve one of the fundamental ques-
tions in modern astronomy: what is the nature of dark
matter? The fact that the rotation curves of many galaxies
Send offprint requests to: U. Heber (heber@sternwarte.uni-
erlangen.de)
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are not Keplerian (Rubin et al. 1978) invokes the existence
of additional dark matter distributed in a near-spherical
structure, the so-called heavy-halo (Ostriker & Peebles
1973). It is estimated that for the Milky Way only 10% of
the total mass are present in the form of stars, gas, and
dust in the Galactic disk and halo (Alcock et al. 2000).
Dark matter candidates for the remaining 90% include
exotic particles, cold molecular gas, and compact objects
like black holes, white dwarfs, and brown dwarfs. The role
of white dwarfs in the dark matter problem is still uncer-
tain. An open issue is the fraction of white dwarfs in the
thick-disk and halo populations, as well as their fraction
of the total mass of the Galaxy. In this context, kinematic
studies have proved a useful tool in deciding on population
membership of white dwarfs.
Oppenheimer et al. (2001) have claimed to have de-
tected cool halo white dwarfs as the main source for
Galactic dark matter. Their results have been discussed
controversially by many groups: e.g. Reid et al. (2001),
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Hansen (2001), Torres et al. (2002), and Reyle´ et al.
(2001), who criticise the input parameters used in the
Oppenheimer et al. (2001) analysis. The main problem
lies in the lack of radial velocity information and poorly
determined distances. Oppenheimer et al. (2001) are crit-
icised for putting radial velocities to zero, as well as for
their distance estimates.
Salim et al. (2004) have overcome some of these prob-
lems by measuring radial velocities for a subsample of
those 13 white dwarfs from the Oppenheimer et al. (2001)
sample that show an Hα line. They also present new
CCD photometry for half of the sample, in order to
obtain new distance estimates. Their new results con-
firm those of Oppenheimer et al. (2001). But it should
be kept in mind that these results are based on small
number statistics. On the other hand, the velocity cut
made by Oppenheimer et al. (2001) was shown to be inap-
propriate for a proper motion limited survey (Reyle´ et al.
2001; Flynn et al. 2003; Graff 2001). Moreover, Bergeron
(2003) found the white dwarfs of Oppenheimer et al.
(2001) to be warmer than 5000 K and therefore to most
likely be too young to belong to the halo.
The common problem of the investigations discussed
above is the lack of radial velocity measurements.
Especially deviating conclusions derived from the white
dwarfs of the Oppenheimer et al. (2001) sample demon-
strate that different assumptions about the values of vrad
can produce different fractions of halo and thick-disk stars
and thus can affect the determination of the white dwarf
halo density. Therefore a sample of white dwarfs with
known radial velocity measurements is needed in order
to obtain the full 3D kinematic information.
Examples of kinematics studies based on complete 3D
space motions are the samples from Silvestri et al. (2001,
2002). In our previous study (Pauli et al. 2003, hereafter
referred to as Paper I), we presented the first homogeneous
sample of white dwarfs for which complete 3D space mo-
tions were determined thanks to precise radial velocities
and spectroscopic distances from high resolution spectra
taken with UVES at the UT2 telescope of the ESO VLT.
Since radial velocities of white dwarfs are difficult to
measure, Silvestri et al. (2001, 2002) have obtained radial
velocities from the spectra of the main-sequence compan-
ions of white dwarfs in common proper motion pairs. We
derived white dwarf radial velocities from high resolution
spectra directly and analysed a sample of 107 single DA
white dwarfs in Paper I. There we demonstrated how a
combination of several kinematic classification criteria al-
lows efficient distinction of the different stellar popula-
tions. In contrast to previous studies, we not only con-
sidered the classical velocity components U , V , and W
of each white dwarf, but also calculated its orbit in the
Galaxy.
This allowed us to define new sophisticated criteria
for classifying thin-disk, thick-disk, and halo populations
by considering Galactic orbits and kinematic parameters.
Another important question is how errors of the input pa-
rameters affect errors of the kinematic output parameters.
An error propagation code using a Monte Carlo simula-
tion was developed which allowed us to check the statisti-
cal significance of our results. Four halo, and seven thick-
disk white dwarfs were found. Our fraction of halo white
dwarfs is much smaller than the one of Oppenheimer et al.
(2001), indicating that halo white dwarfs are not a major
component of the dark matter in the Galaxy.
In a next step, we enlarged the sample of white dwarfs
analysed. We present here a sample of 398 DA white
dwarfs from the ESO SN Ia Progenitor surveY (SPY,
Napiwotzki et al. 2001, 2003). The SPY sample allowed us
to overcome several limitations of previous investigations.
When investigating DA white dwarfs, radial velocities
could be measured from the shifts of the Balmer lines. Due
to high resolution UVES VLT spectra, we could benefit
from measurements of radial velocities of unprecedented
precision (typical errors of only 2 km s−1) and of spectro-
scopic distances (relative errors of only 10%). Effective
temperatures and gravities are from Koester et al (2001)
and from preliminary results of Koester (priv. comm.).
The final results will be reported in a forthcoming paper
(Voss et al., in preparation).
We supplemented these data with the best proper mo-
tion measurements available. Therefore we possess a very
homogeneous set of radial and tangential velocity informa-
tion with individual errors for each star. We refined our
population classification scheme, thanks to a larger cali-
bration sample, and applied it to 398 SPY white dwarfs.
Our publication is structured as follows: Sect. 2 deals
with the input data. In Sect. 3 our kinematic analysis
method is described and applied to the calibration sample
and to the sample of SPY white dwarfs. Our results appear
in Sect. 4 and are discussed in Sects. 5 and 6. We finish
with conclusions in Sect. 7.
2. Kinematical data
2.1. Sample
Our sample consists of 398 DA white dwarfs from the
SPY project. We have to stress that our stars are
drawn from a brightness limited selection of known white
dwarfs (see Napiwotzki et al. 2001, for details), and are
not selected from proper motion surveys. Radial veloci-
ties, corrected for gravitational redshift were taken from
Napiwotzki et al. (in prep.) and spectroscopic distances
from Koester et al (2001) and Voss et al. (in prep.). Radial
velocities were measured using the cross-correlation tech-
nique described in Napiwotzki et al. (2001) but are still
somewhat preliminary (final results to be published in a
forthcoming paper). Uncertainties in the radial velocities
are mostly much smaller than those of the tangential ve-
locities computed from the proper motions (see also Paper
I).
The aim of the SPY project is to detect radial velocity
(RV) variable binary white dwarfs. Two spectra at dif-
ferent epochs were taken and checked for RV variations.
Since orbital motions distort the measurement of space
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motions, RV variable stars were discarded from our sam-
ple. It should be noted that, while more than one spectrum
is available for most SPY white dwarfs, there are 52 stars
where only one spectrum exists. Of the 107 stars analysed
in Paper I, only 104 are also present in this larger 398
sample. Three stars have turned out (according to infor-
mation from additional spectra) to be in binary systems
so were excluded from the sample. Given a binarity frac-
tion of about 5% (Napiwotzki et al. 2005), we can estimate
that there may be only two or three still undetected spec-
troscopic binaries in the kinematically analysed sample, a
negligible number. Nevertheless, in Table 8 we mark those
stars with an asterisk where the radial velocity is based
on only one spectrum.
2.2. Proper motions
Sources for proper motions are the USNO–B cat-
alogue (Monet et al. 2003), the SuperCOSMOS Sky
Survey (Hambly et al. 2001a,b,c), the UCAC2 catalogue
(Zacharias et al. 2000), the Yale Southern Proper Motion
catalogue (Girard et al. 2003), the revised NLTT cata-
logue (Salim & Gould 2003; Gould & Salim 2003), and
the revised LHS catalogue (Bakos et al. 2002). Additional
proper motions (for 202 stars) were measured using the
Bonner Astrometry Software (Geffert et al. 1997), the
procedure is described in Paper I.
For most programme stars, there is more than one
astrometric measurement. The question is how to com-
bine the proper motions and their errors from the differ-
ent sources. If all the different measurements were com-
pletely independent of each other and if the errors followed
a Gaussian distribution, average proper motions 〈µ〉 and
their errors 〈σµ〉 would have to be weighted by the inverse
variances, as:
〈µ〉 =
(
n∑
i=1
µi/σ
2
µi
)
/
(
n∑
i=1
1/σ2µi
)
. (1)
〈σµ〉 =
(
n∑
i=1
1/σ2µi
)−1/2
. (2)
We know, however, that not all measurements are inde-
pendent of each other, since some of the catalogues share
the same plate material. Furthermore, though we checked
as far as possible whether the star found in the catalogue
by the automatic search procedure using its coordinates
is indeed the white dwarf, in some cases misidentifications
have occurred. Comparing the proper motions of one star
in different sources permits false detections to be elimi-
nated.
To do this, we calculated the combined average and
error, plus the quadratic deviation ∆2µi of an individual
measurement from this average:
∆2µi = (µi − 〈µ〉)
2
. (3)
If each ∆2µi is divided by the corresponding σ
2
µi, the sum
over all i is taken and divided by the number of measure-
ments n. We get a quantity ∆check that allows to check
if the individual measurements are consistent with each
other and, if not, to eliminate the measurement which dif-
fers from the others:
∆check =
1
n
(
n∑
i=1
(
∆2µi/σ
2
µi
))
. (4)
If ∆check > 1, we checked the different catalogue values
manually in order to decide which values to choose and
which to eliminate. Having thus eliminated false detec-
tions the next step was to calculate the quantity 〈∆µ〉:
〈∆µ〉 =
√√√√ 1
n
(
n∑
i=1
∆2µi
)
. (5)
We adopted the weighted mean 〈µ〉 from Eq. (1) and the
maximum of 〈σµ〉 and 〈∆µ〉 as the corresponding error.
This enabled us to obtain a realistic error estimate, which
typically lies between 5mas yr−1 and 10mas yr−1.
The input parameters radial velocities, spectroscopic
distances, and proper motion components together with
their errors, are listed for all white dwarfs in Table 8.
3. Revised population classification scheme
In Paper I we presented a new sophisticated population
classification scheme based on the U -V -velocity diagram,
the JZ -eccentricity-diagram, and the Galactic orbit. For
the computation of orbits and kinematic parameters, we
used the code by Odenkirchen & Brosche (1992) based on
a Galactic potential by Allen & Santillan (1991). The clas-
sification scheme was based on a calibration sample of
main-sequence stars. In the meantime, new spectroscopic
analyses have become available which allowed us to en-
large the calibration sample and to refine our classification
criteria.
3.1. The calibration sample
Unlike for main-sequence stars, the population member-
ship of white dwarfs cannot be determined from spectro-
scopically measured metalicities. Therefore we have to rely
on kinematic criteria. Those criteria have to be calibrated
using a suitable calibration sample of main-sequence stars.
In our case this sample consists of 291 F and G main-
sequence stars from Edvardsson et al. (1993), Fuhrmann
(1998), Fuhrmann (20001, 2004). It is important to note
that the stars were selected from flux limited samples and
not from proper motion surveys. Thanks to the work of
Fuhrmann (2004), the number of calibration sample stars
has been doubled, which makes it worthwhile revisiting
the classification criteria outlined in Paper I.
For both samples a detailed abundance analysis was
carried out. Fuhrmann (1998) combined abundances, ages,
1 http://www.xray.mpe.mpg.de/fuhrmann/.
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Fig. 1. [Mg/Fe]vs.[Fe/H] abundance diagram for the cal-
ibration sample (see text).
and 3D kinematics for population classification and found
that the disk and halo populations can be distinguished
best in the [Mg/Fe] versus [Fe/H] diagram. Halo and thick-
disk stars can be separated by means of their [Fe/H]
abundances, as they possess a higher [Mg/Fe] ratio than
thin-disk stars (see also Bensby et al. 2003). In Fig. 1
the [Mg/Fe] versus [Fe/H] abundances for the 291 main-
sequence stars are shown. These stars are divided into
halo, thick disk, and thin disk according to their po-
sition in the diagram. The halo stars have [Fe/H] <
−1.05, the thick-disk stars −1.05 ≤ [Fe/H] ≤ −0.3 and
[Mg/Fe] ≥ 0.3, and the thin-disk stars [Fe/H] > −0.3 and
[Mg/Fe] ≤ 0.2. Stars in the overlapping area between the
thin and the thick disk (open triangles in Fig. 1) were ne-
glected in order to ensure a clear distinction between the
two disk populations.
There are four stars left to the halo border, which ac-
cording to Fuhrmann (2004) belong to the metal-weak
thick disk (MWTD, open boxes). As their kinematics are
indeed incompatible with halo membership, we omitted
them from further analysis. Also rejected was the star
HD148816, which though in the thick-disk region in the
abundance diagram, clearly shows halo kinematics (not
shown in the diagram).
This demonstrates that a clear distinction between
halo and thick-disk stars by means of abundances is diffi-
cult, but as will be shown later, halo and thick-disk stars
show very distinct kinematic properties, so that they are
unlikely to be confused.
3.2. The U -V -velocity diagram
A classical tool for kinematic investigations is the U -V -
velocity diagram. In Fig. 2, U is plotted versus V for
the main-sequence stars. For the thin-disk and the thick-
disk stars, the mean values and standard deviations of
the two velocity components were calculated. The val-
ues for the thin disk are: 〈Ums〉 = 3km s
−1, 〈Vms〉 =
215 km s−1, σUms = 35 km s
−1, and σVms = 24 km s
−1.
The corresponding values for the thick disk are: 〈Ums〉 =
−32 km s−1, 〈Vms〉 = 160 km s
−1, σUms = 56 km s
−1, and
σVms = 45 km s
−1. The negative value of 〈Ums〉 is ex-
plained in Fuhrmann (2004) as an effect of the Galactic
bar. Indeed, nearly all thin-disk stars stay inside the
3σthin-limit, and all halo stars lie outside the 3σthick-limit,
as can be seen from Fig. 2. In our previous paper, we used
the 2σ−limit of the thin and thick-disk stars for finding
thick-disk stars and
√
U2 + (V − 195)2 ≥ 150 km s−1 for
finding halo stars. We replaced these by the more strin-
gent 3σ−limits of the thin and thick-disk stars to obtain
a clear-cut separation.
3.3. The Jz-e-diagram
The U -V -plot is not the only source of information about
population membership. Two important orbital param-
eters are the z-component of the angular momentum JZ
and the eccentricity of the orbit e. Both are plotted against
each other for the main-sequence stars in Fig. 3. The dif-
ferent populations can be distinguished well in this dia-
gram. The thin-disk stars cluster in a V-shaped area of
low eccentricity and JZ around 1 800 kpc km s
−1, which
we denote as region A.
In general, the thick-disk stars possess higher eccen-
tricities e > 0.27 and lower angular momenta. They can
be found in region B. There is also a clump of thick-
disk stars with lower eccentricity around 0.2 and higher
JZ . Region B is defined such that it excludes as many
thin-disk stars as possible. The price that has to be paid
for this is the loss of some thick-disk stars. But this way
there is a high probability of identifying only those stars as
thick-disk members that really belong to the thick disk. It
should be noted that region 3 in our previous paper, which
seemed to be different from the thin-disk and the thick-
disk regions A and B, has proven to be just an extension
of the thin-disk region to higher eccentricities. Therefore
it does not appear as an additional region in this revised
classification scheme.
The halo stars with very high eccentricity and smaller
JZ can be found in Region C, separated well from all other
stars.
3.4. Galactic orbits
The eccentricity was extracted from the Galactic orbit of
the stars. The classification can be confirmed by checking
the orbits themselves. Typical orbits for thin-disk, thick-
disk and halo main-sequence stars can be found in Paper I
and will not be repeated here.
3.5. Population classification scheme
Our classification scheme (developed in Paper I) combines
three different classification criteria: i) the position in U -
V diagram, ii) the position in JZ -e diagram, and iii) the
Galactic orbit.
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We repeat some details here of the population clas-
sification scheme presented in Paper I and then de-
scribe the new refinements and changes. We classified
white dwarfs as halo members if they had a value of√
U2 + (V − 195)2 ≥ 150 km s−1 and lay in region 4 in
the JZ-e-diagram (see Paper I).
To detect thick-disk white dwarfs, first all stars either
situated outside the 2σ-limit in the U -V -diagram or in re-
gion 2 or 3 in the JZ -e-diagram were selected as thick-disk
candidates. In a second step, each candidate was assigned
a classification value c. c was defined as the sum of the
individual values cUV, cJZe and corb corresponding to the
three different criteria: position in U -V -diagram, position
in JZ-e-diagram, and Galactic orbit.
We assigned cUV = +1 to a star outside the 2σ-limit
in the U -V -diagram, whereas one inside the 2σ-limit got
cUV = −1. The different regions in the JZ-e-diagram are
characterised by cJZe = −1 for region 1, 0 for region 3,
and +1 for region 2. The third classification value corb
described the orbits: c = −1 for orbits of thin-disk type
and c = +1 for orbits of thick-disk type. Then the sum
c = cUV+ cJZe+ corb was computed. Stars with c = +3 or
c = +2 were considered as bona fide thick-disk members,
and those with c = +1 as probable thick-disk members. If
c ≤ 0, the star was classified as belonging to the thin disk.
The new classification scheme is more concise due to
the elimination of region 3. As described in Sect. 3.2, we
also sharpened the selection criterion for the U -V plane
by replacing the 2σ by a 3σ limit. A star is classified as a
halo candidate if it lies either outside the 3σthick-limit in
the U -V diagram or in region C in the JZ -e diagram. Then
classification values cUV, cJZe, and corb are assigned to all
halo candidates which take the value of +1 if the criterion
favors a halo membership and −1 if not. More precisely:
cUV = +1 if the star lies outside the 3σthick-limit, cJZe =
+1 if the star lies in region C, and corb = +1 if the star
has a halo orbit. Then the sum c = cUV + cJZe + corb
is calculated. All of the halo candidates with c ≥ +1 are
classified as halo members, the rest as thick-disk members.
All the remaining stars (not found to belong to the
halo), either outside the 3σthin-limit in the U -V diagram
or in region B in the JZ-e diagram, are classified as thick-
disk candidates. Then the analogous procedure to the halo
classification is applied: cUV = +1 if the star lies outside
the 3σthin-limit, cJZe = +1 if the star lies in region B, and
corb = +1 if the star has a thick-disk orbit. In contrast
to Paper I due to the elimination of region 3, there is no
longer a value 0 to be assigned to cJZe; hence, we expect
the number of thick-disk candidates to decrease. All of
the thick-disk candidates with c ≥ +1 are assigned to the
thick-disk population, the rest to the thin-disk population.
3.6. Consistency check for the kinematical
classification criteria
In this section a consistency check of our classifica-
tion scheme is performed. This is done by applying our
kinematic classification criteria to our calibration main-
sequence sample.
Thirty-three main-sequence stars are known to belong
to the thick disk because of their abundance patterns (For
reasons mentioned above we have excluded here the metal-
weak thick-disk stars), and 22 of them have a kinematical
classification value c ≥ +1 and are classified as thick-disk
stars. Only one of them has c = 0 and is thus misclassified
as a thin-disk star. This corresponds to a detection effi-
ciency of about 67% for thick-disk members. In addition
to those 22 stars, six thin-disk main-sequence stars with
c ≥ +1 are misclassified as thick-disk stars, so that the to-
tal number of stars classified as thick disk is 28 indicating
a contamination with thin-disk stars of about 21%.
3.7. Application to the white dwarf sample of Paper I
Furthermore, in order to be able to compare the results of
Paper I with this paper, we applied the new classification
scheme to the 107 white dwarfs analysed in Paper I. The
fraction of halo stars is not changed by this new scheme.
Due to the elimination of region 3 in the JZ-e diagram,
four stars lose their thick-disk candidate status, and we
end up with a total number of eight thick-disk stars com-
pared to twelve previously. This reduces the local fraction
of thick-disk white dwarfs from 11% to 7.5%, and demon-
strates the uncertainty of kinematic population classifi-
cation. Even higher errors are to be expected when the
population separation is based on a single criterion such
as the position in U -V diagram alone, which is the case
for most other kinematical studies of white dwarfs in the
literature.
4. Kinematic population classification of the SPY
white dwarfs
We calculated orbits and kinematic parameters for all 398
white dwarfs (see Table 9 ). The errors of e, JZ , U , V , W
were computed with the Monte Carlo error propagation
code described in Paper I. They can be found in Table 9
as well.
4.1. The U -V -velocity diagram
In Fig. 4, the U -V -velocity diagram for the white dwarfs
is shown together with the 3σ-limits of the thin and thick-
disk stars from the calibration sample. The white dwarfs
can be divided into two main groups that appear to be
separated from each other: one group that is clustered
mainly within the 3σthin-limit with some stars just outside
the 3σthin-border and another second group with smaller
V that lies outside or just inside the 3σthick-border. All the
white dwarfs belonging to the second group are marked
with the first letters of their names in Fig. 4.
The second group comprises five stars outside the
3σthick-limit (which qualify as halo candidates ac-
cording to Sect. 3.5) HS 1527+0614, WD0252−350,
WD1448+077, WD1524−749, and WD2351−365.
E.-M. Pauli et al.: 3D kinematics of white dwarfs from the SPY project II. 7
-400
-300
-200
-100
0
100
200
300
400
-200 -100 0 100 200 300
PSfrag replacements
V/km s−1
U
/
k
m
s−
1
HE0201
HS1527
WD0252
WD1448
WD1524
WD2351
WD2359
WD2029
3σ − thin-limit
3σ − thick-limit
Fig. 4. U -V -velocity diagram for the white dwarfs with 3σ− thin and 3σ− thick – contours from Fig. 2, Symbols with
numbers are the white dwarfs mentioned in the text
-1500
-1000
-500
0
500
1000
1500
2000
2500
3000
0 0.2 0.4 0.6 0.8 1
PSfrag replacements
e
J
Z
/
k
p
c
k
m
s−
1
thin disk
thick disk
halo
Region A
Region B
Region C
HE0201
HS1527
WD0252
WD1448
WD1524
WD2351
WD2359
WD2029
Fig. 5. Jz-e-diagram of the white dwarfs
8 E.-M. Pauli et al.: 3D kinematics of white dwarfs from the SPY project II.
Exceptional are WD1448+077 and WD1524−749, which
have a negative value of V ; i.e. they move on retrograde
orbits. This behaviour is incompatible with disk mem-
bership and strongly suggests that they belong to the
halo.
The other three white dwarfs of the second group
are HE0201−0513, WD2029+183 and WD2359−324.
Situated inside the 3σthick, they do not qualify as halo
candidates but we must check if they belong to the halo
or to the thick disk by means of the JZ-eccentricity dia-
gram and the orbits .
4.2. The Jz-e-diagram
We now move on to the JZ-eccentricity diagram of the
SPY white dwarfs (Fig. 5). Again, two groups of stars can
be detected: one first group starting in Region A with a
high-eccentricity tail in Region B, which represents the
disk population, and a second group in the right part of
Region B and in Region C. Contrary to the main-sequence
stars there is a gap in Region B that is not populated at
all by white dwarfs. If this is real or just due to selection
effects cannot be said at this point.
The second group contains all the stars discussed in-
dividually in the previous section and labeled by name in
Fig. 5. HE 0201−0513, since situated in Region C, is added
to the list of halo candidates. The two retrograde stars,
WD1448+077 and WD1524−749, can be distinguished
easily by their negative value of JZ.
4.3. Galactic orbits
Next we inspect the Galactic orbits of the SPY white
dwarfs. We display some meridional plots of white dwarfs
with thin-disk, thick-disk, or halo like orbits, respectively,
in Figs. 6 to 8.
Most white dwarfs have thin-disk-like orbits, an ex-
ample is WD0310−688 (Figure 6). Some orbits, like the
one of WD1013−010 (Fig. 7), show thick-disk characteris-
tics. The star WD2029+183mentioned earlier has a thick-
disk orbit. Five stars (HS 1527+0614, HE 0201−0513,
WD0252−350, WD2351−365, and WD2359−324) have
chaotic halo orbits, as can be seen from Fig. 8 in the case
of HS 1527+0614.
4.4. Classification
We used the population classification scheme presented in
Sect. 3.5 to divide the SPY white dwarfs into the three
different populations. We start with the halo candidates,
e.g. with all white dwarfs that are either situated outside
the 3σ-limit of the thick disk in the U -V -velocity diagram
or that lie in Region C in the JZ -eccentricity diagram.
Six white dwarfs fulfill these conditions: all but one lie
outside the 3σthick-limit, and all lie in Region C. Two
white dwarfs, WD1448+077 and WD1524−749, are on
retrograde orbits characterised by a negative value of V
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Fig. 6. WD0310−688: a white dwarf with a thin-disk or-
bit
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Fig. 7. WD1013−010: a white dwarf with a thick-disk
orbit
and JZ. When the classification values of the halo white
dwarf candidates are added, it is found that all of them
have c > 1 and therefore belong to the halo population.
We have mentioned before that the star WD2359−324,
though it does not fulfill the criteria for a halo candidate,
has an orbit typical for a halo object. As its error-bar
places it near Region C in the JZ-e diagram, we therefore
decided to classify it as a halo object. This leaves us with
seven halo white dwarfs. Details can be found in Table 1.
We now move on to the remaining 32 white dwarfs
that lie either outside the 3σ-limit of the thin disk in the
U -V -velocity diagram or that lie in Region B in the JZ-
eccentricity diagram. Twenty-seven of them have a clas-
sification value of c > 1 and are classified as thick-disk
members, the remaining five are assigned a thin-disk mem-
bership (see Table 2). All the remaining white dwarfs are
assumed to belong to the thin disk, leaving us with seven
halo, 27 thick-disk, and 364 thin-disk out of the 398 SPY
white dwarfs.
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Fig. 8. HS1527+0614: a white dwarf with a (chaotic) halo
orbit.
Table 1. Classification values for the halo candidates.
Note that WD2359−324 is classified as a halo star despite
having c = −1; see text
star cUV cJZ−e corb c classification
HE0201−0513 −1 +1 +1 +1 halo
HS 1527+0614 +1 +1 +1 +3 halo
WD0252−350 +1 +1 +1 +3 halo
WD1448+077 +1 +1 −1 +1 halo
WD1524−749 +1 +1 −1 +1 halo
WD2351−368 +1 +1 +1 +3 halo
WD2359−324 −1 −1 +1 −1 halo
5. Age estimates
The seven halo and 27 thick-disk white dwarfs were as-
signed to the respective populations by means of purely
kinematic criteria. Accordingly they must be old stars;
therefore, we attempted to estimate their ages. A check
to see whether their physical parameters, mass and effec-
tive temperature, are compatible with their belonging to
an old population must now be made. Masses M for the
white dwarfs were derived from log g and the mass-radius
relation by Wood (1995).
The halo is older than 10Gyr. Bensby et al. (2003) de-
termined a mean age for the thick disk as 11.2± 4.3Gyr.
It is very probable that stars that are younger than 7Gyr
do not belong to the thick disk. Thus the main-sequence
life-time (plus about 20% for time spent during the gi-
ant phases and the horizontal branch), plus the time the
white dwarf has cooled down until it reaches its actual
Teff , has to be greater than the age of the youngest stars
of the respective populations. The main-sequence life-time
τms depends on the mass of the white dwarf progeni-
tor and is approximately proportional to τms ∝ M
−2.5
(Kippenhahn & Weigert 1994). The main-sequence life-
time is τms = 10Gyr for the Sun, 7.9Gyr for a 1.1 M⊙
mass star, 4.3Gyr for a 1.4 M⊙ mass star, and 1.8Gyr for
a 2 M⊙ mass star. Adding the 20% horizontal branch plus
Table 2. Classification values for the thick-disk candi-
dates.
star cUV cJZ−e corb c class.
HE0409−5154 +1 +1 −1 +1 thick disk
HE0416−1034 +1 −1 +1 +1 thick disk
HE0452−3444 +1 +1 +1 +3 thick disk
HE0508−2343 +1 +1 −1 +1 thick disk
HE1124+0144 +1 +1 +1 +3 thick disk
HS0820+2503 +1 +1 +1 +3 thick disk
HS1338+0807 −1 +1 +1 +1 thick disk
HS1432+1441 −1 +1 +1 +1 thick disk
WD0204−233 −1 +1 +1 +1 thick disk
WD0255−705 +1 +1 +1 +3 thick disk
WD0352+052 −1 +1 +1 +1 thick disk
WD0548+000 −1 +1 −1 −1 thin disk
WD0732−427 +1 +1 +1 +3 thick disk
WD0956+045 −1 +1 −1 −1 thin disk
WD1013−010 +1 +1 +1 +3 thick disk
WD1152−287 −1 +1 +1 +1 thick disk
WD1323−514 +1 +1 +1 +1 thick disk
WD1327−083 +1 +1 −1 +1 thick disk
WD1334−678 +1 +1 −1 +1 thick disk
WD1410+168 +1 +1 +1 +3 thick disk
WD1426−276 +1 +1 +1 +3 thick disk
WD1507+021 −1 +1 +1 +1 thick disk
WD1531+184 −1 +1 −1 −1 thin disk
WD1614−128 +1 +1 −1 +1 thick disk
WD1716+020 +1 +1 +1 +3 thick disk
WD1834−781 +1 +1 +1 +3 thick disk
WD1952−206 −1 +1 +1 +1 thick disk
WD2029+183 +1 +1 +1 +3 thick disk
WD2136+229 −1 +1 −1 −1 thin disk
WD2253−081 −1 +1 −1 −1 thin disk
WD2322−181 −1 +1 +1 +1 thick disk
WD2350−083 −1 +1 +1 +1 thick disk
giant phase lifetime, the total pre-white dwarf lifetimes
would be 12Gyr, 9.5Gyr, 5.2Gyr, and 2.2Gyr, respec-
tively.
The mass of the white dwarf is related to the mass of
its progenitor by the initial-to-final mass relation. Until
now, no definitive initial-to-final mass relation has been
established; however, different estimates exist from dif-
ferent groups derived from theoretical considerations and
from observational investigations of open clusters; see
e.g. Weidemann (2000) and Schro¨der & Sedlmayr (2001).
Unfortunately no initial-to-final mass relation for the halo
and the thick disk has been derived yet, so we have to work
with what is available for the thin disk and keep in mind
that our age estimates are crude. According to Weidemann
(2000), stars with initial masses of 1 M⊙, 1.1 M⊙, 1.4 M⊙,
and 2 M⊙ would evolve into white dwarfs with masses of
0.55 M⊙, 0.555 M⊙, 0.57 M⊙, and 0.6 M⊙, respectively.
The initial-to-final mass relation of Schro¨der & Sedlmayr
(2001), on the other hand, yields white dwarf masses of
0.55 M⊙, 0.565 M⊙, 0.605 M⊙, and 0.67 M⊙.
We now estimate how long it takes for a C/O core
white dwarf to cool down to 20 000K, 10 000K, 8 000K,
10 E.-M. Pauli et al.: 3D kinematics of white dwarfs from the SPY project II.
and 5 000K using the cooling tracks of Wood (1995). For
a 0.5 M⊙ mass white dwarf, the respective cooling times
would be 0.05Gyr, 0.5Gyr, 0.9Gyr, and 4Gyr. For a
0.6 M⊙ mass white dwarf, the corresponding values are
0.08Gyr, 0.6Gyr, 1.1Gyr, and 6Gyr. Hence, only for
white dwarfs cooler than 8 000K does the cooling time
contribute significantly to the total age.
All the halo white dwarfs we found have masses less
than 0.55 M⊙; i.e. their progenitors had a pre-white dwarf
life-time of more than 12Gyr. They are all hotter than
14 000K, meaning they have all cooled less than 0.5Gyr.
Due to the large pre-white dwarf lifetime, their total age is
perfectly compatible with halo membership. It should be
noted that the low mass of WD0252−350 of only 0.35 M⊙
indicates that it probably does not possess a CO core but
instead a He one.
Now the masses and effective temperatures of the
thick-disk white dwarfs detected in the SPY sam-
ple were likewise checked. We found that four white
dwarfs WD0255−705, WD0352+052,WD1013−010, and
WD1334−678 have masses which imply ages of less than
7Gyr, which would make them too young to belong to the
thick disk.
These four stars are the coolest in our sample of thick-
disk candidates (see Table 4), with Teff ranging from
8800 K to 10600 K. Liebert et al. (2005) derived the mass
distribution of 348 DA white dwarfs from the PG survey
and found that the average gravities and masses increase
with decreasing effective temperature for Teff < 12000 K.
A similar trend is found in the analysis of more than 600
DA white dwarfs from the SPY survey (Voss et al., in
prep.). The physical reason is unknown, but two conjec-
tures have been published. The high masses inferred from
spectroscopy below ≈ 12000 K may actually be due to
helium being brought to the surface by the hydrogen con-
vection zone (Bergeron et al. 1992; Liebert et al. 2005).
On the other hand, Koester et al (2005) suggest that the
treatment of non-ideal effects for the level population
with the Hummer-Mihalas (Hummer & Mihalas 1998) oc-
cupation probability mechanism may be insufficient for
neutral perturbers that become important at lower Teff .
Since these effects are unaccounted for in the model at-
mospheres, we may have overestimated the masses of cool
DA white dwarfs (Teff < 12000 K).
As a result, the four cool white dwarf stars with thick-
disk-like kinematics may have a lower mass and, therefore,
a significantly larger age, one that is perhaps even consis-
tent with that of the thick disk. Therefore we regard them
as very likely belonging to the thick disk as well.
An alternative explanation for the four cool DA stars
discussed above having gained thick-disk-like orbits could
be that they might be run-away stars that were born
in a binary system in the thin disk and were thereafter
ejected from it. Two ejection mechanisms have been sug-
gested. The first one implies a close binary system in which
the primary undergoes a supernova explosion and releases
the secondary at high velocity (Davies et al. 2002). This
study showed that, indeed, a large fraction of such bina-
Table 3. Effective temperatures, surface gravities, and
masses of the halo white dwarfs
star Teff log g M
K cm s−2 M⊙
HS1527+0614 14015 7.80 0.50
WD1448+077 14459 7.66 0.44
WD2351−368 14567 7.81 0.51
WD0252−350 17056 7.42 0.35
WD2359−324 23267 7.65 0.47
WD1524−749 23414 7.61 0.45
HE0201−0513 24604 7.67 0.48
Table 4. Effective temperatures, surface gravities, and
masses of the thick-disk white dwarfs. The four coolest
stars have higher masses than the rest; however, the
masses of the former may have been overestimated (see
text).
star Teff log g M
K cm s−2 M⊙
WD1013−010 8786 8.19 0.71
WD1334−678 8958 8.11 0.66
WD0352+052 10234 8.00 0.60
WD0255−705 10574 8.09 0.65
WD1716+020 12795 7.66 0.43
WD2029+183 12976 7.73 0.47
WD0204−233 13176 7.75 0.47
WD1952−206 13742 7.78 0.49
WD0732−427 14070 7.96 0.58
WD1327−083 14141 7.79 0.50
WD1614−128 15313 7.74 0.48
HS1432+1441 15414 7.77 0.49
HE0508−2343 15835 7.71 0.47
HE1124+0144 15876 7.68 0.45
WD1426−276 17526 7.67 0.45
WD1834−781 17564 7.76 0.49
WD2350−083 17966 7.76 0.49
WD1323−514 18604 7.71 0.47
WD1507+021 19384 7.79 0.51
HE0452−3444 20035 7.82 0.53
WD1152−287 20185 7.64 0.45
WD1410+168 20757 7.74 0.49
WD2322−181 21478 7.88 0.56
HE0416−1034 23809 7.88 0.57
HS1338+0807 25057 7.73 0.50
HE0409−5154 26439 7.75 0.52
HS0820+2503 33330 7.69 0.51
ries are broken up when the primary explodes as a su-
pernova. A large number of the secondaries receive kick
velocities of 100-200 kms−1 and travel on Galactic orbits
similar to those of thick-disk stars. Thus a population of
white dwarfs originating in the thin disk may contribute
significantly to the observed population of high-velocity
white dwarfs.
Another possibility for explaining young white dwarfs
with thick-disk-like kinematics was proposed by Kroupa
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(2002), who suggests a scenario for the thickening of galac-
tic disks through clustered star formation. Massive star
clusters may add kinematically hot components to galac-
tic field populations.
As their masses may be overestimated, we think it is
not required to invoke such run-away scenarios to explain
the origin of the four cool white dwarfs discussed above.
A more natural explanation would be that we have simply
underestimated their ages.
We therefore classify those 23 white dwarfs where age
and kinematics both indicate a thick-disk membership as
bona fide thick-disk members. In addition, the four cool
white dwarfs are classified as probable thick-disk stars,
i.e. all 27 stars are retained as thick-disk members. This
leaves us with a fraction of 2% halo and 7% thick-disk
white dwarfs.
6. Discussion
We have refined and sharpened the population classifica-
tion scheme developed in Paper I and applied it to a kine-
matical analysis of a sample of 398 DA white dwarfs from
the SPY project. Combining three kinematic criteria, i.e.
the position in the U -V -diagram, the position in the JZ-
e-diagram, and the Galactic orbit with age estimates, we
found seven halo and 23 thick-disk members.
To be able to discuss the kinematic parameters of the
three different populations white dwarfs, we calculated
the mean value and standard deviation of the three ve-
locity components. Of interest are the asymmetric drift
(Vlag = 220km s
−1− < V >) for the thick-disk white
dwarfs and the velocity dispersions of the white dwarfs
of all three populations (Tables 5–7). For comparison,
the corresponding values derived by Chiba & Beers (2000)
and Soubiran et al. (2003) for main-sequence stars are also
shown.
The velocity dispersions that were found for the
thin-disk white dwarfs are compatible with the ones of
Soubiran et al. (2003). The same is the case for the asym-
metric drift and the velocity dispersions of the thick
disk. Here agreement with the results of Soubiran et al.
(2003) is much better than with the earlier results of
Chiba & Beers (2000). There, σU and σV of the halo white
dwarfs are similar to the values of Chiba & Beers (2000),
while our σW is much smaller. This is probably due to the
fact that our local sample does not extend as far in the
Z-direction as the sample of Chiba & Beers (2000) does.
Also with only seven halo white dwarfs, we have to account
for small number statistics. In general, the kinematic pa-
rameters of the white dwarfs of the three different popula-
tions do not differ much from those of the main-sequence
samples.
We found seven halo white dwarfs in our sample, which
corresponds to a fraction of 2%. In Paper I we found 4%
halo white dwarfs, a deviation possibly due to small num-
ber statistics or to a target selection effect. In our first
paper, we analysed stars from the early phase of SPY.
This sample contained a relatively large fraction of white
Table 5. Standard deviation of U , V , W for the 361
SPY thin-disk white dwarfs, σU, σV, and σW from
Soubiran et al. (2003) are shown for comparison
σU σV σW
km s−1 km s−1 km s−1
Thin-disk WDs
(our sample) 34 24 18
Thin-disk stars
(Soubiran et al.) 39 20 20
Table 6. Asymmetric drift Vlag and standard deviation
of U , V , W for the 27 SPY thick-disk white dwarfs,
Vlag, σU, σV, and σW from Soubiran et al. (2003), and
Chiba & Beers (2000) are shown for comparison
Vlag σU σV σW
km s−1 km s−1 km s−1 km s−1
Thick-disk WDs
(our sample) −51 79 36 46
Thick-disk stars
(Soubiran et al.) −51 63 39 39
Thick-disk stars
(Chiba & Beers) −20 46 50 35
Table 7. Standard deviation of U , V , W for the seven
SPY halo white dwarfs, Vlag, σU, σV, and σW from
Chiba & Beers (2000) shown for comparison
σU σV σW
km s−1 km s−1 km s−1
Halo white dwarfs
(our sample) 138 95 47
Halo stars
(Chiba & Beers) 141 106 94
dwarfs detected in proper motion surveys (Luyten 1979;
Giclas et al. 1978, and references therein). Therefore an
over-representation of white dwarfs with high tangential
velocities is not unexpected.
Our value is lower than the one derived by Sion et al.
(1988), who identified about 5% of their sample as halo
white dwarfs. Liebert et al. (1989), on the other hand, ob-
tained a percentage of 14% halo white dwarfs by classi-
fying all stars that exceed a certain value of tangential
velocity as halo members. When comparing those sam-
ples with ours, it has to be kept in mind that our selec-
tion criteria are sharper and allow us to separate thick-
disk from halo stars. It is likely that a fraction of the
white dwarfs classified as halo stars by Sion et al. (1988)
and Liebert et al. (1989) actually belong to the thick disk.
Furthermore, both samples suffer from the lack of radial
velocity information.
It is difficult to compare our sample to the one of
Oppenheimer et al. (2001), because the inhomogeneous
sky coverage of SPY does not allow us to calculate a space
density for halo white dwarfs. It has to be taken into
account that our sample is a magnitude limited sample
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and thus biased towards high temperatures (mean tem-
perature of 21 000K; see also discussion in Schro¨der et al.
2004), whereas Oppenheimer et al. (2001) analyse much
cooler white dwarfs.
Classically, halo white dwarfs are supposed to be cool
stars that originated from high mass progenitors. The
main contribution to the total ages of these white dwarfs
is the cooling time. This work demonstrates that another
class of hot, low-mass halo white dwarfs exists with low-
mass progenitors that only recently have become white
dwarfs so have not had much time to cool down. This
makes this SPY sample complement to samples that fo-
cus on cool halo white dwarfs.
There are 27 SPY white dwarfs classified as thick-disk
members out of which four are too cool to allow reliable
ages to be derived. This corresponds to a local fraction
of thick-disk white dwarfs of 7% or 6%, if we reject the
four cool stars. These values are somewhat lower than the
11% found by Silvestri et al. (2002) but are much smaller
than that of Fuhrmann (2000)2, who predicted a fraction
of 17% thick-disk white dwarfs. The differences are possi-
bly caused by the temperature bias mentioned above. An
over-representation of white dwarfs compared to low mass
main-sequence stars, which would require a truncated ini-
tial mass function as suggested by Favata et al. (1997),
has not been found.
The question of whether thick-disk white dwarfs con-
tribute significantly to the total mass of the Galaxy is
very important for clarifying the dark matter problem.
This contribution can be estimated from the results de-
rived above. To derive the densities of thin-disk and thick-
disk white dwarfs, we used the 1/Vmax method (Schmidt
1968). The mass density of thick-disk over thin-disk white
dwarfs MthickMthin was calculated as described in Paper I. For
the thick disk we adopted the values of Ojha (2001), scale
length l0,thick = 3.7 kpc, and tried two extreme values
of the scale height, h0,thick = 0.8 kpc (Ojha et al. 1999)
and h0,thick = 1.3 kpc (Chen 1997). For the thin disk,
we assumed l0,thin = 2.8 kpc (Ojha 2001) and h0,thin =
0.25 kpc, in between the values of Kroupa (1992) and
Haywood et al. (1997). We found MthickMthin = 0.12 ± 0.36
and MthickMthin = 0.19 ± 0.57 for thick-disk scale heights of
0.8 kpc and 1.3 kpc, respectively. Accordingly, upper lim-
its for MthickMthin are 0.48 and 0.76, respectively. Of course
the errors are huge because of the poor statistics of the
relatively small thick-disk sample. Nevertheless, it can be
concluded that the total mass of thick-disk white dwarfs
is less than 48% (76%) of the total mass of thin-disk white
dwarfs. Therefore the mass contribution of the thick-disk
white dwarfs must not be neglected, but it is not sufficient
to account for the missing dark matter.
7. Conclusions
We have demonstrated how a combination of sophisticated
kinematic analysis tools can distinguish halo, thick-disk,
2 http://www.xray.mpe.mpg.de/fuhrmann/.
and thin-disk white dwarfs. We identified a fraction of
2% halo and 7% thick-disk white dwarfs. Most of our
thick-disk and halo white dwarfs are hot and possess low
masses. Our results suggest that the mass present in halo
and thick-disk white dwarfs is not sufficient for explain-
ing the missing mass of the Galaxy. But to draw definite
conclusions, more data are needed. Our goal is to extend
this kinematic analysis to all 1 000 degenerate stars from
the SPY project, in order to have a large data base for
deciding on the population membership of white dwarfs
and their implications for the mass and evolution of the
Galaxy.
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Table 8. Radial velocities (corrected for gravitational redshift), proper motions, and spectroscopic distances (with
errors) of the 398 SPY white dwarfs. The * indicates stars with only one spectrum
star vrad µα cosδ µδ d log d
km s−1 mas yr−1 mas yr−1 pc pc
EC12489–2750 24.8±17.9 −7±3 −16±3 431.5 2.63±0.05
EC13123–2523 16.1±6.7 −13±4 9±7 572.0 2.76±0.05
HE0032–2744 30.6±4.2 31±5 −40±3 183.2 2.26±0.04
HE0043–0318 46.3±3.3 11±6 −68±7 63.4 1.80±0.04
HE0049–0940 13.2±2.8 87±11 −8±11 99.0 2.00±0.04
HE0103–3253 17.1±3.6 72±4 64±3 94.1 1.97±0.04
HE0106–3253 26.7±3.8 29±8 −20±2 66.5 1.82±0.04
HE0138–4014 22.5±4.5 −3±12 −75±10 172.1 2.24±0.03
HE0145–0610 24.1±5.9 106±3 −2±3 47.8 1.68±0.04
HE0152–5009 35.8±3.0 14±12 32±9 106.2 2.03±0.04
HE0201–0513 −7.9±4.5* 161±5 −174±4 174.6 2.24±0.03
HE0204–3821 12.6±3.4 2±13 −15±9 73.2 1.86±0.04
HE0204–4213 −4.9±4.6 −60±10 −56±8 159.7 2.20±0.04
HE0210–2012 12.5±3.6 34±4 49±4 120.2 2.08±0.04
HE0222–2630 34.2±4.2 28±4 21±4 111.4 2.05±0.03
HE0245–0008 47.1±5.2* 121±3 −35±4 136.0 2.13±0.04
HE0246–5449 11.0±3.7 35±8 12±6 121.0 2.08±0.04
HE0257–2104 14.1±3.7 −77±3 −61±4 132.7 2.12±0.04
HE0300–2313 11.8±6.3 19±5 −12±5 69.1 1.84±0.04
HE0308–2305 6.5±7.1 −20±5 −43±4 58.1 1.76±0.03
HE0317–2120 14.1±4.7 42±5 −33±6 43.8 1.64±0.04
HE0324–0646 11.4±4.2 47±3 −72±3 85.8 1.93±0.03
HE0324–2234 27.5±4.1 29±9 35±8 119.7 2.08±0.04
HE0330–4736 15.0±4.2 −23±12 48±8 77.5 1.89±0.03
HE0333–2201 16.8±4.5 −65±3 −56±5 59.1 1.77±0.03
HE0336–0741 39.2±4.5 114±6 −99±5 88.6 1.95±0.04
HE0338–3025 −24.9±5.3 −67±3 −151±3 50.5 1.70±0.04
HE0348–2404 23.2±3.7 11±4 8±5 94.4 1.98±0.04
HE0348–4445 23.9±5.0 −4±10 28±6 119.4 2.08±0.03
HE0349–2537 −9.8±4.3 −2±10 −30±11 108.9 2.04±0.04
HE0358–5127 14.1±4.3 −4±8 2±7 120.6 2.08±0.04
HE0403–4129 7.7±5.0 −24±5 10±9 145.4 2.16±0.03
HE0404–1852 21.5±4.0* 28±3 2±4 130.9 2.12±0.04
HE0409–5154 47.0±4.5 42±17 −132±17 146.2 2.16±0.04
HE0416–1034 42.7±3.9 −38±70 89±70 137.9 2.14±0.04
HE0418–1021 22.8±5.6 26±3 0±3 118.6 2.07±0.03
HE0418–5326 −12.4±5.8 −19±8 21±7 217.2 2.34±0.04
HE0425–2015 18.4±5.5 −9±4 −10±4 127.8 2.11±0.04
HE0426–0455 −3.9±3.8 −59±3 60±7 47.5 1.68±0.03
HE0426–1011 47.3±3.6 104±3 −34±3 109.8 2.04±0.04
HE0436–1633 −0.4±4.0 −29±10 −132±7 89.2 1.95±0.03
HE0452–3429 37.5±3.7 −1±2 7±2 94.2 1.97±0.03
HE0452–3444 2.7±3.9 172±8 −133±3 122.6 2.09±0.04
HE0456–2347 17.5±4.7 −2±3 −38±4 191.4 2.28±0.04
HE0507–1855 17.2±6.2 −16±5 −2±5 116.5 2.07±0.03
HE0508–2343 101.2±3.8 68±4 82±2 124.2 2.09±0.03
HE0532–5605 79.7±7.9 17±7 8±5 61.0 1.79±0.04
HE1012–0049 −2.6±4.7 6±5 11±4 99.5 2.00±0.04
HE1053–0914 7.0±4.2 −3±4 −20±3 194.5 2.29±0.04
HE1117–0222 17.3±3.7 −132±4 −13±4 38.2 1.58±0.04
HE1124+0144 54.3±3.5 −167±3 51±3 133.0 2.12±0.04
HE1152–1244 12.3±3.3 −31±4 −23±9 88.8 1.95±0.04
HE1215+0227 5.1±10.8 −25±4 −11±3 371.1 2.57±0.06
HE1225+0038 −24.0±4.7 −49±3 98±3 28.8 1.46±0.04
HE1233–0519 −19.4±24.4 26±5 −16±6 89.9 1.95±0.04
HE1252–0202 −0.2±4.4 −9±3 −52±3 123.7 2.09±0.04
HE1258+0123 16.0±7.2 38±5 14±4 79.5 1.90±0.04
HE1307–0059 27.1±4.2 −82±46 −61±46 98.8 1.99±0.03
HE1315–1105 −2.4±5.2 −145±6 5±5 39.5 1.60±0.04
HE1325–0854 −22.1±3.2 6±6 −26±5 70.5 1.85±0.04
HE1326–0041 5.0±4.3 24±4 −49±3 131.7 2.12±0.04
HE1328–0535 −21.1±15.0 −38±6 −15±4 246.2 2.39±0.04
HE1335–0332 6.2±7.3 −65±3 19±5 109.2 2.04±0.03
HE1413+0021 −7.6±5.2 39±4 22±3 70.9 1.85±0.04
HE1429–0343 36.8±5.3 103±9 −56±3 117.6 2.07±0.04
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Table 8. Radial velocities (corrected for gravitational redshift), proper motions, and spectroscopic distances (with
errors) of the 398 SPY white dwarfs. The * indicates stars with only one spectrum, continued from previous page
star vrad µα cosδ µδ d log d
km s−1 mas yr−1 mas yr−1 pc pc
HE1441–0047 −7.3±7.0 36±4 20±5 107.6 2.03±0.04
HE1518–0020 10.9±3.7 −97±5 −118±6 73.0 1.86±0.04
HE1518–0344 2.7±5.5 −12±7 −36±4 203.9 2.31±0.04
HE2133–1332 −11.9±3.2 259±7 −141±6 23.3 1.37±0.04
HE2135–4055 39.6±3.8* −140±4 44±4 33.2 1.52±0.03
HE2140–1825 −14.8±3.2 −12±3 −39±3 90.3 1.96±0.04
HE2203–0101 2.1±3.7 −5±3 −18±3 100.8 2.00±0.03
HE2205–1355 −1.9±5.7 36±3 −7±4 64.2 1.81±0.04
HE2218–2706 −55.6±3.3 86±4 64±5 54.6 1.74±0.03
HE2220–0633 20.2±3.5 −116±20 −51±5 90.3 1.96±0.04
HE2221–1630 6.9±4.7 −8±6 −108±6 52.5 1.72±0.04
HE2230–1230 −6.8±3.7 64±4 31±5 142.1 2.15±0.03
HE2231–2647 −34.9±3.4 53±3 1±3 92.8 1.97±0.04
HE2251–6218 −0.9±3.8 58±8 −7±8 105.3 2.02±0.04
HE2334–1355 7.4±3.3 −4±4 −32±4 257.5 2.41±0.05
HE2347–4608 38.7±2.7 −22±7 −52±12 164.6 2.22±0.04
HE2356–4513 29.0±3.4 −47±7 −15±1 78.4 1.89±0.03
HS0129+1041 33.3±4.1 98±6 −8±4 80.0 1.90±0.03
HS0145+1737 −2.3±4.0 61±11 2±11 91.2 1.96±0.03
HS0223+1211 −63.6±5.5* −22±4 −22±4 120.3 2.08±0.04
HS0225+0010 −7.9±4.6 13±3 −30±3 70.4 1.85±0.04
HS0241+1411 −5.7±5.1* −22±4 15±5 94.8 1.98±0.04
HS0315+0858 21.6±3.7 56±4 −4±4 107.0 2.03±0.04
HS0325+2142 43.5±4.0* 91±4 −90±4 56.6 1.75±0.04
HS0329+1121 −17.1±4.9* 4±8 18±6 95.4 1.98±0.04
HS0331+2240 13.6±4.7* −24±4 114±4 89.7 1.95±0.03
HS0337+0939 46.3±5.0* 6±5 12±4 82.3 1.92±0.04
HS0344+0944 12.4±5.9* −22±5 −26±4 94.1 1.97±0.03
HS0345+1324 24.4±6.7* −24±4 4±4 117.6 2.07±0.04
HS0400+1451 49.2±4.6 40±4 6±4 50.2 1.70±0.04
HS0412+0632 16.3±3.0 65±5 −107±4 74.3 1.87±0.04
HS0820+2503 51.4±7.6* −140±4 −110±5 157.9 2.20±0.05
HS0929+0839 13.2±5.1* −78±4 −2±4 91.6 1.96±0.04
HS0944+1913 39.7±3.7* −120±4 −22±4 74.5 1.87±0.04
HS0949+0935 15.4±4.4 −50±4 −12±5 138.9 2.14±0.04
HS1013+0321 8.4±4.2 16±4 −125±4 55.2 1.74±0.04
HS1043+0258 0.4±4.5* −26±12 22±12 73.0 1.86±0.03
HS1053+0844 4.6±4.1 −34±4 −12±4 130.2 2.11±0.04
HS1144+1517 10.1±4.2 −90±4 14±5 98.6 1.99±0.04
HS1153+1416 −14.4±5.9* −75±24 −116±55 88.8 1.95±0.04
HS1204+0159 4.0±4.9 −7±3 −21±7 209.2 2.32±0.04
HS1305+0029 16.0±3.9 −93±5 −38±7 96.5 1.98±0.04
HS1338+0807 55.6±4.4 24±4 −90±4 175.8 2.25±0.04
HS1410+0809 18.7±7.5* 17±3 −5±4 55.9 1.75±0.04
HS1430+1339 −33.6±5.9 −46±4 −12±4 44.5 1.65±0.04
HS1432+1441 52.7±3.5 39±10 −149±10 103.2 2.01±0.04
HS1447+0454 −27.0±3.3 −64±4 2±6 70.7 1.85±0.04
HS1517+0814 25.4±3.4 75±10 −70±10 87.0 1.94±0.04
HS1527+0614 41.3±3.5 −78±6 −666±41 87.3 1.94±0.04
HS1614+1136 −12.2±5.0* −52±4 −18±4 92.6 1.97±0.04
HS1616+0247 −16.4±4.1 −27±5 −5±5 109.0 2.04±0.04
HS1641+1124 8.8±3.8 −32±4 −26±6 82.3 1.92±0.04
HS1646+1059 −11.2±3.8 24±4 −70±4 131.4 2.12±0.04
HS1648+1300 −54.1±3.9 38±4 28±4 90.7 1.96±0.04
HS2058+0823 −25.3±5.9 16±4 16±3 144.0 2.16±0.04
HS2132+0941 −25.4±3.4 −58±4 −46±4 79.2 1.90±0.04
HS2138+0910 −51.0±3.7 32±4 −108±4 46.1 1.66±0.04
HS2148+1631 −18.2±3.7 94±4 −48±4 98.9 2.00±0.04
HS2210+2323 6.9±5.5 26±4 −6±4 97.5 1.99±0.03
HS2225+2158 −7.6±4.3 −60±5 −46±4 114.4 2.06±0.04
HS2229+2335 −39.8±4.0 90±4 0±8 91.6 1.96±0.04
HS2233+0008 12.1±3.8 −99±4 −67±4 52.0 1.72±0.03
HS2259+1419 −49.6±3.5 8±4 46±4 76.4 1.88±0.04
MCT0031–3107 −3.3±22.5 −12±2 −24±4 373.5 2.57±0.04
MCT0033–3440 12.3±5.3 98±6 14±4 92.1 1.96±0.04
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Table 8. Radial velocities (corrected for gravitational redshift), proper motions, and spectroscopic distances (with
errors) of the 398 SPY white dwarfs. The* indicates stars with only one spectrum, continued from previous page
star vrad µα cosδ µδ d log d
kms−1 mas yr−1 mas yr−1 pc pc
MCT0105–1634 3.2±5.9 11±4 −46±7 315.2 2.50±0.05
MCT0110–1617 27.6±8.8 3±24 6±7 318.3 2.50±0.05
MCT2343–1740 −0.0±6.8 6±8 22±10 141.3 2.15±0.04
MCT2345–3940 −19.8±4.2 85±3 −1±2 124.4 2.09±0.03
MCT2349–3627 15.1±15.6 16±6 −34±4 400.5 2.60±0.06
WD0000–186 2.1±4.0 −59±5 −89±4 110.8 2.04±0.04
WD0005–163 −11.4±4.1 163±6 −62±6 90.8 1.96±0.03
WD0011+000 −11.1±5.7 415±3 −185±3 36.6 1.56±0.04
WD0013–241 −6.4±3.7 −148±8 2±9 86.9 1.94±0.04
WD0016–220 −6.2±3.5 −50±5 −56±2 68.0 1.83±0.04
WD0016–258 15.5±7.0 −35±6 −71±7 66.5 1.82±0.04
WD0018–339 12.3±3.4 208±11 −18±10 69.7 1.84±0.04
WD0029–181 21.5±3.8 107±10 −64±12 85.5 1.93±0.04
WD0032–175 −3.0±4.4 608±19 4±6 31.7 1.50±0.04
WD0032–177 −8.1±3.8 181±21 27±13 94.3 1.97±0.03
WD0033+016 −2.8±8.4 −147±7 −364±4 29.6 1.47±0.04
WD0047–524 10.0±2.9 127±11 34±9 53.8 1.73±0.04
WD0048+202 5.5±3.6 88±4 −14±4 86.1 1.93±0.04
WD0052–147 13.8±5.2 25±4 −15±5 78.3 1.89±0.04
WD0101+048 3.2±5.0* 320±4 232±4 14.7 1.17±0.04
WD0102–142 −6.3±3.8 42±3 42±10 122.4 2.09±0.04
WD0103–278 22.3±3.6 252±4 −68±4 70.0 1.85±0.04
WD0106–358 35.5±2.1 −40±14 −53±4 94.9 1.98±0.04
WD0108+143 16.0±7.7 290±6 −74±4 36.8 1.57±0.04
WD0110–139 10.8±4.8 −3±4 −16±5 128.3 2.11±0.04
WD0114–605 40.9±3.8 138±10 18±7 103.0 2.01±0.04
WD0124–257 12.0±4.4 65±3 −90±4 128.6 2.11±0.03
WD0126+101 −16.4±3.7 −144±4 −382±4 24.9 1.40±0.04
WD0127–050 −19.8±3.5 −204±12 −243±23 34.7 1.54±0.04
WD0129–205 60.3±1.4 157±4 9±5 63.0 1.80±0.04
WD0137–291 7.7±4.4 43±3 −8±3 151.2 2.18±0.04
WD0138–236 −7.2±28.6 10±4 −18±6 296.0 2.47±0.04
WD0140–392 25.6±4.2 142±12 71±10 56.6 1.75±0.04
WD0143+216 −36.1±6.7* −178±4 −124±4 25.2 1.40±0.04
WD0145–221 22.9±7.5 74±9 −37±9 46.2 1.66±0.04
WD0148–255J 15.2±4.0 137±9 −97±18 77.7 1.89±0.04
WD0151+017 40.4±3.6 331±13 −3±9 54.0 1.73±0.04
WD0155+069 −15.7±3.7 −90±3 32±3 111.4 2.05±0.03
WD0204–233 76.2±3.8 189±5 −118±4 78.5 1.90±0.04
WD0205–136J 22.1±10.8 −9±4 −18±3 269.0 2.43±0.05
WD0205–304 56.1±3.7 158±5 −31±4 92.9 1.97±0.04
WD0205–365 30.7±6.9 1±5 −5±3 559.7 2.75±0.05
WD0208–263 51.0±6.4 40±6 −0±7 215.3 2.33±0.04
WD0209+085 52.0±6.9* 78±3 −24±3 101.1 2.00±0.05
WD0212–231 14.7±5.0 40±5 24±4 190.1 2.28±0.04
WD0226–329 −3.2±3.2 −65±11 −229±11 49.4 1.69±0.04
WD0227+050 −5.7±2.9 73±3 −25±3 26.2 1.42±0.04
WD0229–481 9.0±7.1 48±9 −27±16 196.6 2.29±0.05
WD0231–054 20.4±7.8 245±4 92±3 29.0 1.46±0.04
WD0242–174 13.5±3.5 28±3 7±3 91.4 1.96±0.04
WD0243+155 0.1±4.8* −20±4 −24±4 123.1 2.09±0.04
WD0250–007 −1.1±6.8* 91±4 −23±4 40.6 1.61±0.04
WD0250–026 33.9±3.4 −39±9 19±12 53.8 1.73±0.03
WD0252–350 87.0±2.9 46±7 −338±7 136.9 2.14±0.04
WD0255–705 49.9±5.3 883±85 −401±85 25.0 1.40±0.04
WD0302+027 6.2±9.3 −48±13 −141±31 134.3 2.13±0.05
WD0308+188 17.6±3.1 30±4 −108±4 45.8 1.66±0.04
WD0310–688 33.8±3.2 38±3 −105±3 11.3 1.05±0.04
WD0317+196 38.1±3.9* 14±3 −28±5 90.3 1.96±0.04
WD0318–021 13.6±3.9 43±3 61±4 80.5 1.91±0.04
WD0320–539 38.1±5.1 9±9 −66±7 145.3 2.16±0.05
WD0336+040 40.0±7.0* 124±4 −74±4 42.3 1.63±0.04
WD0339–035 49.9±4.6 226±6 42±3 54.7 1.74±0.04
WD0352+052 −106.1±4.6 100±4 −150±4 57.7 1.76±0.04
E.-M. Pauli et al.: 3D kinematics of white dwarfs from the SPY project II. 17
Table 8. Radial velocities (corrected for gravitational redshift), proper motions, and spectroscopic distances (with
errors) of the 398 SPY white dwarfs. The * indicates stars with only one spectrum, continued from previous page
star vrad µα cosδ µδ d log d
km s−1 mas yr−1 mas yr−1 pc pc
WD0352+096 46.3±4.2 168±4 4±4 38.7 1.59±0.04
WD0408–041 −7.6±4.2 4±7 −125±8 73.3 1.87±0.03
WD0416–550 24.2±3.7 47±8 11±6 226.6 2.36±0.05
WD0431+126 43.5±4.0 97±3 −13±3 50.8 1.71±0.04
WD0437+152 10.8±3.0 −14±4 −38±4 153.2 2.19±0.04
WD0455–282 49.2±11.5 56±2 10±3 115.9 2.06±0.05
WD0507+045.1 5.6±3.9 −2±4 −94±4 30.4 1.48±0.04
WD0509–007 17.2±3.8 −73±7 53±5 116.7 2.07±0.05
WD0548+000 74.6±9.3 56±4 −54±4 184.1 2.27±0.06
WD0549+158 12.0±3.4 76±3 −172±3 60.3 1.78±0.05
WD0556+172 46.1±4.6 −2±4 −16±4 86.1 1.93±0.04
WD0558+165 40.7±4.6 −48±8 −26±4 71.7 1.86±0.03
WD0612+177 22.9±3.2 −63±3 −353±3 47.8 1.68±0.04
WD0642–285 13.1±4.9* −130±17 −130±12 35.5 1.55±0.04
WD0710+216 8.3±3.9 −115±3 −137±4 44.5 1.65±0.04
WD0715–704J −2.3±5.9 −84±9 90±8 119.0 2.08±0.04
WD0732–427 62.3±3.7 66±14 673±14 37.3 1.57±0.04
WD0839–327 29.3±2.9 −1100±9 1340±8 8.6 0.94±0.04
WD0852+192 −2.7±4.1 −54±4 −20±4 75.8 1.88±0.03
WD0858+160 47.9±3.8* −96±4 82±4 94.6 1.98±0.04
WD0908+171 0.1±3.8 −38±4 −2±4 116.0 2.06±0.04
WD0911–076 33.3±3.8 −67±3 −8±5 120.5 2.08±0.04
WD0937–103 9.7±6.7 −29±3 −66±3 70.2 1.85±0.03
WD0939–153 23.6±4.1 −16±6 14±7 95.3 1.98±0.04
WD0950+077 −2.5±3.4 44±4 −88±4 103.1 2.01±0.04
WD0951–155 7.8±3.8 −86±4 100±7 120.3 2.08±0.04
WD0954+134 −6.7±4.5 19±10 −37±10 135.5 2.13±0.04
WD0955+247 16.0±4.8 −268±4 −317±5 25.0 1.40±0.04
WD0956+020 39.6±3.4 64±6 −1±3 89.4 1.95±0.04
WD0956+045 44.1±3.8 26±6 −144±11 105.8 2.02±0.04
WD1000–001 51.2±4.1 −49±3 −14±3 134.6 2.13±0.04
WD1003–023 5.4±3.9 −112±3 50±3 90.0 1.95±0.04
WD1010+043 33.6±5.7 46±4 −46±4 224.8 2.35±0.04
WD1013–010 144.6±4.7* −462±120 22±32 30.2 1.48±0.04
WD1015+076 −19.9±9.2* −7±4 −19±5 126.3 2.10±0.04
WD1015+161 38.3±3.7 −108±4 −64±4 94.7 1.98±0.04
WD1015–216 −11.2±5.3 −14±3 −19±3 172.2 2.24±0.04
WD1017+125 −13.4±4.0 −19±4 −16±4 111.0 2.05±0.04
WD1019+129 43.3±3.8 −72±4 −44±4 92.4 1.97±0.03
WD1020–207 55.3±3.5 −73±5 −26±5 83.4 1.92±0.04
WD1022+050 89.7±3.1* −136±4 16±4 43.3 1.64±0.04
WD1026+023 −9.2±3.3 −101±12 −77±3 37.7 1.58±0.04
WD1036+085 9.0±3.7 12±4 −42±4 208.2 2.32±0.04
WD1049–158 22.5±5.1 −155±7 35±6 42.2 1.63±0.04
WD1053–290 −10.3±5.1 138±5 −75±4 50.1 1.70±0.04
WD1053–550 −3.0±3.2 −296±15 222±15 43.2 1.64±0.03
WD1102–183 23.9±5.0 134±3 −56±7 39.7 1.60±0.04
WD1105–048 25.4±3.0 −62±4 −446±5 24.2 1.38±0.04
WD1116+026 21.6±4.0* −92±4 31±4 43.0 1.63±0.03
WD1122–324 −17.9±3.7 −96±4 21±6 128.0 2.11±0.04
WD1124–293 −2.7±4.3 218±4 −271±5 33.6 1.53±0.04
WD1125–025 18.2±7.7 −53±5 −5±3 118.4 2.07±0.05
WD1126–222 29.7±7.4 −162±4 −40±5 93.3 1.97±0.04
WD1129+155 4.6±3.8 52±4 −46±4 39.3 1.59±0.04
WD1130–125 5.0±6.1 −95±4 −39±3 50.7 1.71±0.03
WD1144–246 −14.5±3.7 −36±3 −9±3 271.6 2.43±0.04
WD1145+187 21.3±3.3 22±4 74±4 77.9 1.89±0.04
WD1150–153 2.6±4.7 −34±6 −59±3 84.3 1.93±0.04
WD1152–287 76.1±4.5 −60±5 −2±2 174.6 2.24±0.04
WD1155–243 22.0±3.9 −85±5 −55±5 116.3 2.07±0.04
WD1159–098 −4.8±7.5 −179±7 −106±3 32.7 1.51±0.04
WD1201–001 13.0±5.2 −97±4 −26±4 63.7 1.80±0.04
WD1202–232 −13.2±4.3 43±7 219±5 10.0 1.00±0.04
WD1204–136 4.2±5.5 −297±3 −43±3 53.0 1.72±0.04
WD1204–322 −12.0±4.2 −61±4 −27±1 102.8 2.01±0.04
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Table 8. Radial velocities (corrected for gravitational redshift), proper motions, and spectroscopic distances (with
errors) of the 398 SPY white dwarfs. The * indicates stars with only one spectrum, continued from previous page
star vrad µα cosδ µδ d log d
kms−1 mas yr−1 mas yr−1 pc pc
WD1207–157 −12.9±3.8 −72±6 −2±8 140.2 2.15±0.04
WD1216+036 14.2±3.6 12±5 −82±4 89.4 1.95±0.04
WD1220–292 −5.8±3.5 37±5 −45±5 96.3 1.98±0.04
WD1230–308 6.4±5.6 32±2 −20±2 93.9 1.97±0.04
WD1231–141 −17.1±3.9 −86±3 −10±4 105.7 2.02±0.03
WD1233–164 19.7±5.3 −91±6 −56±5 74.4 1.87±0.04
WD1236–495 −21.1±8.6 −557±22 −94±24 15.3 1.19±0.04
WD1237–028 −3.1±6.7 −200±9 24±29 41.7 1.62±0.04
WD1241+235 −18.1±4.4 20±4 −4±4 115.9 2.06±0.04
WD1244–125 3.3±4.3 −200±5 28±8 48.8 1.69±0.04
WD1249+160 3.1±2.3 69±11 −89±11 135.9 2.13±0.04
WD1249+182 −21.4±3.1 −62±4 22±6 106.0 2.03±0.03
WD1257+032 1.8±3.5 −90±4 32±4 92.9 1.97±0.04
WD1257+047 15.4±3.8 −72±4 −100±4 77.6 1.89±0.03
WD1308–301 42.5±3.3 −134±4 −83±7 59.9 1.78±0.04
WD1310–305 11.3±3.4 28±3 −75±7 61.7 1.79±0.04
WD1314–067 3.0±4.5 −12±5 −72±4 91.6 1.96±0.03
WD1323–514 −22.3±3.0 −509±46 −24±46 68.3 1.83±0.04
WD1326–236 −16.6±3.9 −61±3 −22±3 93.0 1.97±0.04
WD1327–083 18.3±2.9 −1110±3 −474±3 17.9 1.25±0.04
WD1328–152 −9.3±7.8 4±4 7±4 352.5 2.55±0.05
WD1330+036 0.2±3.3 −124±4 −72±4 104.7 2.02±0.04
WD1332–229 −6.2±3.9 36±6 −25±3 145.0 2.16±0.03
WD1334–160 6.1±5.0 −102±7 −30±6 62.1 1.79±0.04
WD1334–678 31.3±4.7 −607±56 −18±56 36.9 1.57±0.04
WD1342–237 15.9±4.8 −127±4 −28±3 64.5 1.81±0.04
WD1344+106 −60.7±5.6 −893±8 −137±15 18.1 1.26±0.04
WD1356–233 −56.9±4.6 −328±3 −53±6 31.2 1.49±0.04
WD1401–147 −16.5±5.3 −161±4 −127±6 59.1 1.77±0.04
WD1410+168 −18.5±4.1* 52±10 −196±10 124.6 2.10±0.04
WD1411+135 13.4±5.1 38±4 4±4 105.0 2.02±0.04
WD1418–088 −79.0±6.1 −468±4 −48±7 26.7 1.43±0.04
WD1420–244 −14.0±5.0 4±3 −26±4 114.8 2.06±0.03
WD1422+095 −26.8±4.3 −207±4 −150±4 36.8 1.57±0.03
WD1426–276 56.8±3.4 7±5 −208±8 123.1 2.09±0.04
WD1431+153 −16.9±4.0 −32±4 −8±7 75.5 1.88±0.03
WD1434–223 −86.6±5.4* −11±3 −15±7 274.4 2.44±0.04
WD1448+077 −124.0±3.2 −815±10 −459±19 85.0 1.93±0.04
WD1451+006 −25.7±3.8 −180±3 −31±3 95.5 1.98±0.04
WD1457–086 −2.6±4.1 10±3 −42±3 118.7 2.07±0.04
WD1500–170 −30.7±5.1 −8±7 −41±7 145.1 2.16±0.04
WD1501+032 −45.5±4.0 −69±10 99±10 66.8 1.82±0.03
WD1503–093 −26.1±3.6 −80±4 −58±4 57.1 1.76±0.04
WD1507+021 14.2±4.5* −100±5 −58±5 158.3 2.20±0.04
WD1507+220 −73.5±3.7* −66±4 −26±4 81.4 1.91±0.04
WD1507–105 −35.4±3.4 −151±5 21±4 54.4 1.74±0.04
WD1515–164 24.0±3.7 91±5 −28±7 96.7 1.99±0.04
WD1524–749 188.9±3.5 −407±16 −254±16 165.7 2.22±0.04
WD1531+184 11.6±4.4* −48±4 −168±4 99.8 2.00±0.04
WD1531–022 −11.2±5.8 −62±3 −124±4 31.3 1.50±0.04
WD1537–152 −23.7±3.9 −87±3 30±5 98.3 1.99±0.04
WD1539–035 33.8±2.8 100±3 −28±4 104.1 2.02±0.04
WD1543–366 −28.1±15.9 −24±5 −24±5 94.8 1.98±0.05
WD1547+057 −10.0±7.1 −42±5 4±5 92.2 1.96±0.04
WD1548+149 −4.9±3.8 −4±4 −54±6 83.4 1.92±0.04
WD1555–089 45.8±4.0 −59±10 −121±12 58.2 1.76±0.04
WD1609+044 12.5±3.8 −21±3 −14±3 126.7 2.10±0.04
WD1609+135 29.4±7.6 17±4 −542±5 21.3 1.33±0.04
WD1614+136 −7.8±2.3 0±4 −40±4 137.8 2.14±0.04
WD1614+160 −45.8±3.8* −36±4 46±4 117.1 2.07±0.03
WD1614–128 65.7±3.1 −102±7 −249±4 68.4 1.83±0.03
WD1619+123 −2.2±3.4* 68±4 −70±4 60.8 1.78±0.04
WD1636+057 −10.4±9.5 −309±7 −417±13 24.6 1.39±0.04
WD1640+113 −9.6±3.9 −44±6 −32±7 119.2 2.08±0.03
WD1655+215 10.2±4.2 26±4 −577±21 19.2 1.28±0.04
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Table 8. Radial velocities (corrected for gravitational redshift), proper motions, and spectroscopic distances (with
errors) of the 398 SPY white dwarfs. The * indicates stars with only one spectrum, continued from previous page
star vrad µα cosδ µδ d log d
kms−1 mas yr−1 mas yr−1 pc pc
WD1716+020 −37.5±3.1* −424±4 −300±5 44.0 1.64±0.04
WD1736+052 8.5±6.0 −43±10 −261±10 39.9 1.60±0.04
WD1826–045 −35.0±4.4* 11±7 −298±4 24.7 1.39±0.04
WD1827–106 −54.7±3.6* 254±17 −306±17 45.6 1.66±0.04
WD1834–781 71.1±3.5 130±16 −313±16 92.7 1.97±0.03
WD1840+042 −38.9±4.9* −112±16 62±5 25.2 1.40±0.04
WD1857+119 −63.5±4.6 145±7 176±6 42.3 1.63±0.04
WD1911+135 −8.0±3.7 10±4 −182±6 35.2 1.55±0.04
WD1914–598 47.2±3.4 −2±4 −24±11 57.9 1.76±0.04
WD1918+110 50.8±3.9 38±6 −100±4 131.7 2.12±0.03
WD1919+145 18.3±3.6* −34±10 −66±10 21.8 1.34±0.04
WD1932–136 −16.9±3.4 −38±3 −118±3 113.3 2.05±0.04
WD1952–206 18.0±3.5 97±6 −380±4 60.7 1.78±0.04
WD1953–715 2.8±3.5 32±7 −192±11 82.3 1.92±0.04
WD1959+059 −34.7±5.9 −103±9 −112±4 80.2 1.90±0.04
WD2004–605 −26.5±11.2 104±5 −65±7 51.9 1.72±0.04
WD2007–219 −55.8±5.0 104±4 −314±4 25.4 1.40±0.04
WD2014–575 45.5±3.8 76±6 −25±7 44.6 1.65±0.03
WD2018–233 −21.9±3.6 59±4 −34±4 44.4 1.65±0.04
WD2021–128 25.8±3.8 −58±5 −97±5 59.4 1.77±0.04
WD2029+183 −165.9±3.4 182±4 24±4 108.7 2.04±0.04
WD2032+188 −34.6±2.8 −3±3 −141±3 112.7 2.05±0.04
WD2039–682 7.7±5.2 188±12 −246±11 20.9 1.32±0.03
WD2046–220 −39.5±3.7 73±3 −1±2 101.1 2.00±0.03
WD2051+095 −3.1±3.4 −4±4 120±4 110.8 2.04±0.04
WD2058+181 −70.6±3.6 106±5 −36±4 69.5 1.84±0.04
WD2115+010 −6.1±3.8 8±3 35±3 132.9 2.12±0.04
WD2122–467 −6.4±4.2 95±18 −35±20 95.1 1.98±0.04
WD2127–221J 19.2±9.9 −2±3 −36±3 183.6 2.26±0.05
WD2134+218 3.2±3.4 −100±4 8±4 53.8 1.73±0.04
WD2136+229 −84.6±4.1 275±7 117±4 39.8 1.60±0.04
WD2137–379 −34.4±4.1 38±7 −0±6 133.6 2.13±0.04
WD2139+115 −1.3±3.8 214±5 −12±7 98.8 1.99±0.04
WD2151–307 6.2±5.7* 21±5 −16±2 85.6 1.93±0.04
WD2156–546J −43.1±8.8 51±4 −16±4 148.9 2.17±0.06
WD2157+161 −33.1±4.1 132±4 −6±4 127.7 2.11±0.04
WD2204+071 15.7±4.0 −41±4 −12±4 138.7 2.14±0.04
WD2205–139 14.7±5.1 36±3 −7±4 80.7 1.91±0.03
WD2226+061 19.5±3.3 −180±4 −102±4 64.8 1.81±0.04
WD2226–449 36.6±2.7 −6±14 −147±14 83.4 1.92±0.04
WD2240+125.1 8.2±4.1 −32±4 −68±5 92.5 1.97±0.04
WD2240+125.2 9.8±4.5 −30±4 −72±4 106.7 2.03±0.04
WD2240–017 −3.1±4.8 −144±5 −185±10 51.2 1.71±0.04
WD2248–504 −5.5±3.8 156±8 −98±8 65.8 1.82±0.04
WD2253–081 −54.3±6.6 546±25 −46±48 32.6 1.51±0.04
WD2254+126 −10.2±4.4 188±4 11±5 62.3 1.79±0.04
WD2303+242 −17.9±3.8 68±4 −56±4 51.1 1.71±0.04
WD2306+124 12.6±4.4 2±4 22±3 85.8 1.93±0.04
WD2306+130 −12.6±4.9 78±4 36±4 44.3 1.65±0.04
WD2311–260 21.0±14.2 16±2 −17±3 434.3 2.64±0.05
WD2314+064 −0.9±4.0 66±10 30±10 100.7 2.00±0.04
WD2318+126 −32.4±3.7 198±4 50±4 87.1 1.94±0.04
WD2318–226 16.0±7.4 8±9 −58±9 210.2 2.32±0.04
WD2321–549 −4.2±6.5 16±5 8±5 190.5 2.28±0.04
WD2322+206 −16.8±3.4 −44±6 −4±4 73.7 1.87±0.04
WD2322–181 −1.4±3.9 246±7 −9±9 100.8 2.00±0.04
WD2324+060 −29.4±3.3 32±4 −116±4 77.6 1.89±0.04
WD2326+049 13.1±4.3 −404±15 −263±13 19.0 1.28±0.04
WD2328+107 24.0±3.3 −62±4 −28±4 113.7 2.06±0.04
WD2329–332 15.2±4.4 17±9 20±9 157.5 2.20±0.04
WD2331–475 −4.1±6.2 −3±3 −24±3 77.9 1.89±0.06
WD2333–049 15.6±5.3 −199±4 −136±4 53.5 1.73±0.04
WD2333–165 47.2±3.8 80±4 −140±4 31.5 1.50±0.04
WD2336+063 7.3±4.0 64±10 8±4 77.1 1.89±0.04
WD2347+128 −31.6±4.6 284±4 42±4 66.3 1.82±0.04
20 E.-M. Pauli et al.: 3D kinematics of white dwarfs from the SPY project II.
Table 8. Radial velocities (corrected for gravitational redshift), proper motions, and spectroscopic distances (with
errors) of the 398 SPY white dwarfs. The * indicates stars with only one spectrum, continued from previous page
star vrad µα cosδ µδ d log d
km s−1 mas yr−1 mas yr−1 pc pc
WD2347–192 7.9±5.2 −53±7 −13±4 167.3 2.22±0.04
WD2348–244 34.0±5.2 −105±6 −229±3 49.5 1.69±0.04
WD2349–283 14.8±3.4 36±2 −57±2 97.4 1.99±0.04
WD2350–083 37.3±3.6 167±30 11±16 132.2 2.12±0.04
WD2350–248 17.1±6.2 −19±2 −4±2 100.6 2.00±0.04
WD2351–368 −28.8±5.0 33±17 −680±17 62.4 1.80±0.04
WD2354–151 11.7±5.0 −5±3 −18±3 278.2 2.44±0.04
WD2359–324 64.1±4.2 266±4 −89±4 161.9 2.21±0.04
WD2359–434 −58.8±10.8 719±53 −724±53 6.1 0.79±0.04
E.-M. Pauli et al.: 3D kinematics of white dwarfs from the SPY project II. 21
Table 9. Kinematic parameters of the 398 SPY white dwarfs
star e Jz U V W
kpc kms−1 km s−1 kms−1 km s−1
EC12489−2750 0.13±0.05 1554±93 20.0±8.4 199.8±11.6 −4.8±10.2
EC13123−2523 0.06±0.04 1726±84 −16.2±9.4 223.2±10.7 39.3±14.6
HE0032−2744 0.10±0.02 1577±31 6.8±3.1 197.3±3.9 −24.5±3.4
HE0043−0318 0.10±0.01 1913±17 7.9±1.7 238.8±2.1 −43.0±2.7
HE0049−0940 0.08±0.02 1748±36 −24.4±4.7 218.1±4.5 −6.1±2.5
HE0103−3253 0.15±0.01 1945±10 −32.5±3.1 243.1±1.2 −10.6±2.8
HE0106−3253 0.04±0.01 1813±11 6.4±1.6 226.6±1.4 −17.8±3.1
HE0138−4014 0.21±0.03 1515±61 51.1±7.8 189.6±7.6 −1.6±4.1
HE0145−0610 0.07±0.01 1831±11 −17.4±2.4 228.4±1.4 −9.1±4.3
HE0152−5009 0.06±0.02 1843±32 −3.5±4.5 230.6±4.0 −28.8±2.8
HE0201−0513 0.83±0.06 352±110 −7.1±3.3 43.6±13.6 −3.8±3.6
HE0204−3821 0.07±0.02 1857±27 12.1±3.4 231.9±3.3 −3.3±3.0
HE0204−4213 0.26±0.02 1936±42 72.1±7.0 242.3±5.3 8.2±4.2
HE0210−2012 0.15±0.01 1992±15 −25.9±2.9 247.7±1.8 5.9±3.0
HE0222−2630 0.08±0.01 1859±16 −17.6±2.3 231.3±2.0 −18.7±3.3
HE0245−0008 0.27±0.02 1410±43 −56.3±4.1 174.5±5.4 −5.5±4.0
HE0246−5449 0.03±0.01 1791±27 −7.2±3.4 223.9±3.4 4.6±3.2
HE0257−2104 0.22±0.01 1944±15 58.8±4.2 241.5±1.9 −33.9±3.3
HE0300−2313 0.05±0.01 1846±15 4.1±2.4 230.0±1.9 −0.1±4.3
HE0308−2305 0.09±0.01 1875±15 18.4±2.7 233.6±1.9 −2.4±4.8
HE0317−2120 0.03±0.01 1808±12 3.4±2.0 225.4±1.5 −0.7±3.2
HE0324−0646 0.08±0.01 1645±19 9.5±2.4 204.2±2.5 −1.3±2.5
HE0324−2234 0.10±0.02 1882±32 −25.9±4.2 233.5±3.9 −2.4±3.7
HE0330−4736 0.11±0.02 1962±28 −2.9±2.9 244.8±3.5 −12.7±3.4
HE0333−2201 0.10±0.01 1893±13 21.2±2.3 235.9±1.6 −19.3±3.2
HE0336−0741 0.22±0.02 1382±36 −14.7±2.8 171.4±4.6 −7.2±3.2
HE0338−3025 0.20±0.01 1922±17 56.1±3.1 239.8±2.2 15.5±3.6
HE0348−2404 0.05±0.01 1849±16 −6.5±2.2 229.7±2.0 −6.5±2.5
HE0348−4445 0.07±0.02 1877±33 −7.8±3.4 233.9±4.1 −14.2±4.1
HE0349−2537 0.12±0.01 1891±34 27.3±4.3 234.9±4.3 12.0±3.9
HE0358−5127 0.07±0.01 1859±29 8.2±3.5 232.1±3.6 −4.3±3.5
HE0403−4129 0.14±0.02 2004±32 8.2±4.9 249.3±4.0 −9.8±3.6
HE0404−1852 0.03±0.01 1784±17 −10.1±2.5 220.8±2.2 4.6±2.7
HE0409−5154 0.37±0.04 1267±64 79.2±10.9 159.1±7.9 9.0±7.7
HE0416−1034 0.34±0.14 2296±287 −50.0±25.6 283.2±35.4 −14.6±28.7
HE0418−1021 0.04±0.01 1808±16 −11.0±3.5 223.5±2.0 3.8±3.2
HE0418−5326 0.21±0.03 2148±48 −3.2±5.8 267.7±6.0 −1.0±6.0
HE0425−2015 0.06±0.01 1867±21 5.0±3.1 231.2±2.6 −10.1±3.3
HE0426−0455 0.18±0.01 2083±14 9.5±2.6 259.1±1.7 5.7±1.9
HE0426−1011 0.21±0.01 1431±27 −29.0±2.3 177.0±3.4 12.1±2.9
HE0436−1633 0.17±0.01 1703±30 52.4±3.9 211.6±3.7 −18.0±3.7
HE0452−3429 0.03±0.01 1745±16 −8.9±1.4 217.0±2.0 −15.5±2.0
HE0452−3444 0.37±0.03 1152±56 57.7±3.9 143.6±7.0 73.4±5.9
HE0456−2347 0.10±0.01 1715±25 27.2±3.6 211.8±3.1 −12.7±3.1
HE0507−1855 0.07±0.01 1897±27 0.7±3.7 234.9±3.3 −8.6±3.2
HE0508−2343 0.33±0.01 1483±18 −94.0±3.6 182.8±2.2 −0.9±3.8
HE0532−5605 0.21±0.02 1370±43 0.6±1.4 171.1±5.3 −31.7±3.7
HE1012−0049 0.12±0.01 1976±22 10.6±2.1 246.1±2.8 9.8±2.9
HE1053−0914 0.07±0.01 1779±25 16.2±2.7 222.1±3.1 0.2±3.1
HE1117−0222 0.03±0.00 1758±16 −11.0±1.4 219.6±2.0 11.8±2.5
HE1124+0144 0.33±0.02 1581±18 −101.8±7.5 196.5±2.3 33.4±2.9
HE1152−1244 0.02±0.01 1758±22 4.8±2.0 220.1±2.7 7.4±2.8
HE1215+0227 0.09±0.03 1615±56 −17.8±6.1 202.5±7.0 −2.0±8.5
HE1225+0038 0.17±0.01 2054±14 −6.0±1.1 256.9±1.8 −8.4±3.4
HE1233−0519 0.16±0.04 2000±80 17.9±5.1 250.8±10.0 −12.6±17.1
HE1252−0202 0.07±0.01 1710±21 19.7±2.0 214.8±2.6 −7.6±3.4
HE1258+0123 0.14±0.01 1964±21 23.7±2.3 246.2±2.6 23.7±5.3
HE1307−0059 0.16±0.07 1484±131 0.9±16.3 186.3±16.5 20.0±8.9
HE1315−1105 0.05±0.01 1802±20 −13.3±2.6 225.7±2.4 9.2±3.4
HE1325−0854 0.11±0.01 1944±15 5.3±1.9 244.0±1.8 −15.5±2.3
HE1326−0041 0.13±0.01 1785±18 38.8±2.8 224.7±2.2 −4.0±3.3
HE1328−0535 0.09±0.02 1649±55 −26.0±7.7 208.7±6.8 −12.3±10.1
HE1335−0332 0.06±0.01 1787±22 −17.9±3.6 224.7±2.7 24.0±5.2
HE1413+0021 0.16±0.01 2033±11 11.6±2.6 255.3±1.5 0.3±3.7
HE1429−0343 0.30±0.02 1967±24 84.3±5.0 248.3±3.1 −1.8±4.4
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star e Jz U V W
kpc kms−1 km s−1 kms−1 kms−1
HE1441−0047 0.18±0.01 2063±18 12.2±3.9 260.1±2.4 −1.2±4.5
HE1518−0020 0.16±0.02 1490±31 20.6±2.5 187.4±3.8 15.2±2.3
HE1518−0344 0.09±0.02 1618±38 21.1±4.4 206.2±4.7 −1.7±4.5
HE2133−1332 0.04±0.01 1747±14 −12.3±1.9 218.7±1.7 −8.6±2.5
HE2135−4055 0.21±0.01 1988±6 52.3±2.4 249.2±0.7 −7.8±2.5
HE2140−1825 0.03±0.01 1745±15 10.9±1.9 219.5±1.8 17.5±2.0
HE2203−0101 0.09±0.01 1876±18 16.8±1.6 235.5±2.3 3.7±2.2
HE2205−1355 0.07±0.01 1878±18 1.4±2.3 235.6±2.2 1.9±3.6
HE2218−2706 0.16±0.01 1903±10 −40.7±2.2 238.8±1.3 43.3±2.5
HE2220−0633 0.24±0.02 1941±20 68.0±6.7 243.2±2.4 10.9±4.5
HE2221−1630 0.08±0.01 1748±21 24.8±2.1 219.1±2.6 −3.5±3.3
HE2230−1230 0.17±0.01 1945±23 −37.4±3.7 245.0±2.9 −2.8±3.0
HE2231−2647 0.09±0.01 1806±10 −25.5±2.1 227.0±1.2 25.8±2.7
HE2251−6218 0.06±0.01 1817±25 −15.3±3.5 228.7±3.1 −2.9±3.2
HE2334−1355 0.11±0.01 1689±35 33.6±4.0 211.8±4.4 −7.4±2.8
HE2347−4608 0.18±0.02 1621±58 52.4±5.2 204.3±7.3 −12.1±3.3
HE2356−4513 0.14±0.01 1896±9 36.3±2.4 237.8±1.1 −14.4±2.6
HS0129+1041 0.12±0.01 1844±20 −33.7±2.8 229.5±2.5 −14.4±2.7
HS0145+1737 0.04±0.01 1798±31 −8.7±4.0 223.4±3.9 15.6±3.7
HS0223+1211 0.21±0.01 1788±19 64.5±3.4 221.0±2.3 39.5±3.5
HS0225+0010 0.07±0.01 1837±9 16.5±2.3 228.4±1.2 10.8±3.1
HS0241+1411 0.15±0.01 2014±17 18.0±3.0 249.6±2.0 11.4±2.8
HS0315+0858 0.07±0.01 1792±17 −20.8±2.6 221.8±2.1 7.8±2.5
HS0325+2142 0.11±0.01 1746±20 −34.6±2.8 217.0±2.6 −15.7±1.7
HS0329+1121 0.13±0.01 1966±22 20.4±3.7 243.3±2.6 23.1±3.1
HS0331+2240 0.29±0.01 2298±26 −4.7±3.4 284.5±3.1 28.6±2.7
HS0337+0939 0.15±0.01 1970±11 −30.6±3.5 244.2±1.4 −15.0±2.6
HS0344+0944 0.09±0.01 1924±12 8.2±4.0 238.2±1.5 −11.8±3.0
HS0345+1324 0.15±0.01 2043±17 −5.9±4.7 252.2±2.1 −12.2±3.3
HS0400+1451 0.15±0.01 1910±7 −37.9±3.4 237.4±0.9 −7.9±2.0
HS0412+0632 0.11±0.01 1571±25 3.0±2.3 194.9±3.2 −4.5±1.8
HS0820+2503 0.33±0.03 1320±51 −77.7±6.5 162.0±6.5 −74.5±9.6
HS0929+0839 0.08±0.01 1853±19 −21.7±3.1 230.0±2.4 −7.4±3.1
HS0944+1913 0.14±0.01 1718±13 −42.3±2.7 213.4±1.7 7.8±3.0
HS0949+0935 0.06±0.01 1786±24 −19.8±3.2 221.2±3.0 −5.2±3.4
HS1013+0321 0.10±0.01 1685±23 25.7±1.9 210.2±2.8 2.0±2.8
HS1043+0258 0.11±0.02 1951±28 −1.2±3.5 243.3±3.5 7.0±3.6
HS1053+0844 0.03±0.01 1812±20 −5.8±2.3 225.6±2.5 −0.2±3.0
HS1144+1517 0.10±0.01 1803±17 −31.1±3.1 224.9±2.1 8.3±3.5
HS1153+1416 0.14±0.07 1521±135 6.1±11.6 190.0±16.9 −24.3±6.6
HS1204+0159 0.06±0.01 1750±42 13.9±3.4 219.4±5.2 1.3±4.2
HS1305+0029 0.11±0.02 1573±28 −11.8±2.8 197.3±3.4 16.5±3.0
HS1338+0807 0.30±0.02 1471±33 85.4±4.6 185.6±4.0 29.9±3.9
HS1410+0809 0.12±0.01 1919±6 22.4±2.7 240.7±0.8 22.2±5.1
HS1430+1339 0.06±0.00 1831±8 −10.1±2.3 229.5±0.9 −19.2±4.2
HS1432+1441 0.29±0.02 1609±40 91.4±5.5 202.2±5.0 29.1±3.8
HS1447+0454 0.07±0.01 1802±14 −19.3±2.2 226.4±1.8 −4.7±2.5
HS1517+0814 0.21±0.01 1928±27 58.7±3.9 242.6±3.3 0.1±3.6
HS1527+0614 0.93±0.04 171±146 175.3±12.5 21.2±18.4 −48.8±8.2
HS1614+1136 0.02±0.01 1713±19 −1.2±3.1 215.8±2.3 13.0±2.9
HS1616+0247 0.04±0.01 1786±18 −6.2±2.9 225.7±2.2 6.8±2.5
HS1641+1124 0.07±0.01 1819±17 19.9±2.5 229.0±2.1 18.1±2.0
HS1646+1059 0.10±0.01 1698±21 32.7±3.4 214.6±2.6 −25.8±3.0
HS1648+1300 0.13±0.01 1857±17 −33.6±2.5 234.2±2.2 −30.0±2.2
HS2058+0823 0.07±0.01 1806±30 −16.0±3.2 228.0±3.8 14.7±2.8
HS2132+0941 0.09±0.01 1682±19 26.1±2.4 210.9±2.3 25.3±1.8
HS2138+0910 0.16±0.01 1477±21 −0.9±1.4 185.0±2.6 16.2±2.0
HS2148+1631 0.08±0.01 1654±24 −15.5±2.1 207.6±3.0 −25.6±3.4
HS2210+2323 0.10±0.02 1939±33 2.7±1.6 242.7±4.2 −4.2±2.5
HS2225+2158 0.16±0.01 1836±25 50.3±3.5 229.2±3.2 10.9±2.3
HS2229+2335 0.14±0.01 1566±26 −24.7±2.9 196.1±3.3 6.8±2.9
HS2233+0008 0.16±0.01 1926±16 41.5±2.0 241.0±2.0 3.1±2.3
HS2259+1419 0.03±0.01 1688±17 −3.0±1.4 211.1±2.2 49.2±2.0
MCT0031−3107 0.17±0.02 1710±50 50.4±5.7 214.7±6.2 15.0±17.5
MCT0033−3440 0.09±0.01 1775±16 −28.3±3.4 222.2±2.0 −8.3±4.2
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kpc kms−1 km s−1 kms−1 kms−1
MCT0105−1634 0.22±0.04 1410±75 34.4±6.7 175.0±9.4 −7.8±5.0
MCT0110−1617 0.16±0.07 2003±148 −3.7±23.9 248.6±18.2 −17.5±7.7
MCT2343−1740 0.14±0.02 2003±41 −0.1±4.6 251.0±5.2 9.2±5.5
MCT2345−3940 0.13±0.01 1753±14 −39.6±3.4 220.1±1.7 14.4±3.4
MCT2349−3627 0.24±0.05 1319±89 13.4±9.1 167.1±11.0 −4.5±12.1
WD0000−186 0.19±0.01 1710±21 60.3±4.1 213.9±2.6 3.9±3.1
WD0005−163 0.21±0.02 1453±33 −39.0±3.8 181.9±4.1 1.3±3.3
WD0011+000 0.23±0.02 1411±39 −36.0±3.5 176.4±4.8 −8.1±4.4
WD0013−241 0.30±0.02 2149±29 61.6±4.5 268.8±3.7 22.0±2.9
WD0016−220 0.12±0.01 1849±7 32.7±1.9 231.2±0.9 13.9±2.7
WD0016−258 0.11±0.01 1815±16 31.9±2.3 227.1±2.0 −7.3±5.8
WD0018−339 0.16±0.02 1605±30 −44.8±4.9 200.8±3.8 −12.1±2.8
WD0029−181 0.10±0.02 1600±38 −14.1±4.0 200.0±4.8 −21.1±3.2
WD0032−175 0.25±0.02 1541±28 −68.7±5.7 192.7±3.5 4.8±3.7
WD0032−177 0.22±0.03 1654±50 −65.3±8.3 206.8±6.2 12.3±3.0
WD0033+016 0.17±0.01 1697±29 52.7±3.5 211.9±3.6 −13.6±6.2
WD0047−524 0.07±0.01 1802±18 −19.1±3.0 225.6±2.2 −5.5±2.3
WD0048+202 0.07±0.01 1772±20 −20.4±2.5 220.7±2.6 −0.5±2.2
WD0052−147 0.06±0.01 1866±14 3.5±1.4 233.0±1.8 −7.0±4.0
WD0101+048 0.11±0.01 1924±14 −16.9±2.4 240.3±1.8 14.5±3.7
WD0102−142 0.14±0.02 1966±33 −22.5±3.9 245.2±4.1 20.6±3.2
WD0103−278 0.25±0.02 1387±36 −46.8±3.9 173.3±4.5 −9.8±3.0
WD0106−358 0.13±0.02 1805±27 39.5±5.0 225.7±3.4 −25.3±1.7
WD0108+143 0.12±0.01 1691±33 −33.0±4.0 211.0±4.2 −9.3±4.7
WD0110−139 0.08±0.01 1884±17 14.9±2.1 234.7±2.2 −5.4±3.8
WD0114−605 0.19±0.02 1489±32 −38.8±5.5 186.4±4.0 −25.0±3.1
WD0124−257 0.22±0.02 1378±39 9.9±1.9 171.9±4.9 −0.7±3.6
WD0126+101 0.16±0.01 1704±15 49.3±2.7 212.6±2.0 −9.5±3.2
WD0127−050 0.20±0.01 1805±22 63.7±3.9 225.2±2.7 5.4±3.1
WD0129−205 0.13±0.01 1716±17 −40.6±2.9 214.1±2.2 −44.0±1.3
WD0137−291 0.04±0.01 1727±18 −11.0±2.1 215.4±2.3 5.8±3.7
WD0138−236 0.07±0.03 1701±53 16.0±7.0 211.1±6.6 14.1±22.1
WD0140−392 0.10±0.01 1790±20 −32.4±3.8 223.7±2.5 −13.1±3.4
WD0143+216 0.17±0.01 1813±22 51.7±3.5 226.1±2.8 14.7±3.6
WD0145−221 0.02±0.01 1780±17 −2.5±2.2 222.2±2.1 −12.2±6.0
WD0148−255J 0.19±0.03 1436±49 −8.4±4.3 179.2±6.1 2.3±3.3
WD0151+017 0.25±0.02 1574±33 −71.9±4.9 196.3±4.1 −6.4±3.0
WD0155+069 0.30±0.01 2238±27 46.4±2.7 277.5±3.2 17.2±2.5
WD0204−233 0.31±0.03 1222±43 −32.8±2.1 152.2±5.4 −48.7±3.2
WD0205−136J 0.09±0.02 1860±31 23.2±5.3 229.5±3.9 −21.8±8.4
WD0205−304 0.24±0.02 1390±33 −41.3±3.3 173.2±4.2 −25.4±3.2
WD0205−365 0.07±0.03 1769±72 13.0±9.8 219.6±9.0 −18.7±6.4
WD0208−263 0.12±0.02 1653±48 −31.5±6.1 205.0±6.0 −28.9±5.1
WD0209+085 0.14±0.01 1792±26 −42.5±3.9 222.4±3.4 −27.1±4.4
WD0212−231 0.12±0.01 1865±26 −33.7±4.2 231.4±3.3 7.0±4.1
WD0226−329 0.19±0.01 1710±22 59.3±4.0 213.5±2.8 7.7±2.6
WD0227+050 0.06±0.00 1849±6 8.9±1.5 230.7±0.8 13.7±1.8
WD0229−481 0.13±0.04 1532±81 −0.6±10.0 191.3±10.1 24.0±7.0
WD0231−054 0.10±0.01 1830±7 −29.6±4.0 228.2±1.0 8.4±5.6
WD0242−174 0.06±0.01 1869±10 −5.6±1.8 232.4±1.3 1.5±2.7
WD0243+155 0.11±0.01 1926±16 21.3±3.3 238.0±2.0 −6.7±3.0
WD0250−007 0.03±0.01 1806±10 2.1±3.6 225.0±1.3 13.9±4.3
WD0250−026 0.14±0.01 2017±19 −7.5±2.4 251.1±2.3 −21.4±2.4
WD0252−350 0.86±0.05 362±93 138.0±10.9 46.0±11.4 −42.4±3.3
WD0255−705 0.44±0.04 974±70 −3.1±8.4 121.8±8.8 48.9±8.4
WD0302+027 0.23±0.05 1571±110 63.8±11.2 194.0±13.7 −56.4±11.6
WD0308+188 0.02±0.01 1795±13 −2.3±2.0 223.4±1.7 −14.4±1.7
WD0310−688 0.07±0.00 1709±15 20.3±0.6 213.7±1.8 −11.8±1.8
WD0317+196 0.10±0.01 1907±14 −22.1±2.6 236.3±1.8 −16.6±2.0
WD0318−021 0.13±0.01 1980±10 −19.8±2.8 245.8±1.2 16.8±2.7
WD0320−539 0.19±0.02 1541±40 45.2±5.5 193.0±5.0 −5.3±4.5
WD0336+040 0.09±0.01 1698±16 −26.2±4.4 211.4±2.0 −10.2±3.6
WD0339−035 0.20±0.01 1632±18 −58.1±3.5 202.9±2.3 13.3±3.8
WD0352+052 0.34±0.01 1582±27 102.4±3.1 196.6±3.4 64.9±2.3
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kpc kms−1 kms−1 kms−1 kms−1
WD0352+096 0.13±0.01 1771±12 −42.0±3.2 220.5±1.5 3.1±2.4
WD0408−041 0.13±0.01 1682±23 38.6±3.3 208.8±2.9 −4.9±2.7
WD0416−550 0.13±0.03 1553±46 −19.7±6.1 193.3±5.9 23.9±6.2
WD0431+126 0.11±0.01 1773±10 −35.3±3.1 220.3±1.3 6.1±1.7
WD0437+152 0.04±0.01 1825±20 9.0±2.6 224.1±2.5 −19.5±2.9
WD0455−282 0.14±0.03 1568±47 −26.1±5.1 194.3±6.0 3.9±6.0
WD0507+045.1 0.05±0.01 1832±9 10.6±2.8 228.3±1.2 −1.2±1.3
WD0509−007 0.27±0.02 2269±41 −13.5±3.0 279.9±4.8 −18.0±3.5
WD0548+000 0.34±0.04 1207±62 −31.4±7.4 147.6±7.9 10.9±3.9
WD0549+158 0.16±0.02 1489±37 10.1±2.9 184.8±4.7 0.5±1.0
WD0556+172 0.11±0.01 1824±12 −33.7±3.6 225.5±1.6 1.0±1.4
WD0558+165 0.11±0.01 1870±13 −28.7±3.6 231.7±1.7 −13.3±2.4
WD0612+177 0.20±0.02 1391±34 1.8±2.8 172.9±4.3 −43.2±3.5
WD0642−285 0.07±0.01 1836±27 16.5±2.7 229.1±3.4 −23.6±3.0
WD0710+216 0.01±0.01 1766±12 −1.4±3.0 219.6±1.6 −23.3±2.4
WD0715−704J 0.19±0.02 1938±36 −53.7±6.5 242.2±4.5 −21.3±5.0
WD0732−427 0.35±0.02 1555±24 −106.2±6.8 193.6±3.0 59.2±4.5
WD0839−327 0.22±0.02 1845±21 −66.5±4.8 230.5±2.7 8.1±0.4
WD0852+192 0.07±0.01 1896±14 1.3±2.6 235.4±1.8 −11.0±2.5
WD0858+160 0.25±0.01 2048±25 −62.8±3.4 253.6±2.9 14.5±2.6
WD0908+171 0.09±0.01 1931±17 −4.0±2.7 239.0±2.1 −8.0±2.6
WD0911−076 0.09±0.01 1707±24 −29.3±2.7 211.5±2.9 −7.3±2.9
WD0937−103 0.05±0.01 1750±35 11.6±2.1 218.1±4.4 −6.1±3.2
WD0939−153 0.02±0.01 1792±27 −6.3±2.6 223.1±3.3 17.6±2.7
WD0950+077 0.16±0.01 1673±23 46.4±2.9 208.2±2.9 3.2±2.2
WD0951−155 0.26±0.02 2084±29 −63.2±5.8 258.7±3.5 15.8±2.7
WD0954+134 0.11±0.02 1806±41 31.6±4.8 224.1±5.1 3.0±4.5
WD0955+247 0.12±0.01 1568±24 −13.4±2.4 195.7±3.0 −5.0±3.4
WD0956+020 0.06±0.01 1756±16 15.5±2.5 218.6±2.0 50.3±2.6
WD0956+045 0.30±0.03 1270±45 34.1±4.2 158.1±5.6 16.0±3.5
WD1000−001 0.14±0.01 1578±19 −30.1±2.5 195.7±2.5 18.7±2.9
WD1003−023 0.17±0.01 1965±19 −40.3±3.7 244.4±2.4 −6.6±2.6
WD1010+043 0.23±0.02 1530±36 59.3±5.5 190.3±4.5 39.6±4.2
WD1013−010 0.45±0.04 1084±37 −91.9±12.2 135.1±4.7 70.6±8.4
WD1015+076 0.11±0.02 1931±36 19.2±3.4 240.1±4.5 −13.8±5.8
WD1015+161 0.17±0.01 1526±23 −35.6±2.7 189.5±2.9 4.2±3.3
WD1015−216 0.11±0.02 1930±31 10.9±2.2 240.8±3.9 −14.8±3.1
WD1017+125 0.09±0.01 1907±19 10.6±2.0 237.0±2.3 −11.0±2.8
WD1019+129 0.13±0.01 1587±19 −25.8±2.2 197.3±2.4 19.1±3.1
WD1020−207 0.17±0.01 1458±22 −14.2±2.1 181.9±2.7 12.7±2.6
WD1022+050 0.19±0.01 1491±13 −45.1±2.0 185.9±1.6 61.3±2.2
WD1026+023 0.05±0.01 1852±15 4.3±1.7 231.1±1.9 −14.7±2.4
WD1036+085 0.14±0.02 1645±29 34.8±3.6 204.4±3.7 6.2±3.0
WD1049−158 0.07±0.01 1740±28 −21.5±2.3 217.4±3.5 12.2±2.8
WD1053−290 0.21±0.01 2015±30 46.5±2.6 252.2±3.8 3.0±2.1
WD1053−550 0.20±0.02 1778±23 −62.4±5.3 222.3±2.9 22.0±2.7
WD1102−183 0.12±0.01 1787±27 37.3±2.1 223.5±3.3 25.0±2.6
WD1105−048 0.18±0.01 1487±24 26.8±1.4 185.8±3.0 −3.0±2.7
WD1116+026 0.05±0.01 1815±15 −12.0±1.4 226.7±1.9 21.6±2.8
WD1122−324 0.17±0.01 1909±26 −49.9±4.5 238.7±3.2 −8.9±2.8
WD1124−293 0.21±0.01 1908±25 59.7±3.6 238.9±3.1 −17.7±2.5
WD1125−025 0.05±0.01 1731±34 −15.2±3.1 216.1±4.2 11.3±5.4
WD1126−222 0.21±0.02 1452±43 −40.4±3.9 181.4±5.4 −10.3±4.5
WD1129+155 0.10±0.00 1881±9 21.6±1.1 234.9±1.2 12.7±2.9
WD1130−125 0.02±0.01 1775±28 −5.1±1.3 222.0±3.5 −1.4±3.6
WD1144−246 0.08±0.01 1806±27 −27.9±4.2 226.6±3.4 −21.6±3.5
WD1145+187 0.20±0.01 2099±19 1.5±1.3 262.1±2.3 34.2±2.7
WD1150−153 0.04±0.01 1746±25 9.5±1.9 218.6±3.1 −9.5±3.1
WD1152−287 0.28±0.02 1248±28 −13.0±4.5 156.6±3.6 36.0±2.6
WD1155−243 0.15±0.02 1500±30 −12.7±2.9 188.1±3.8 −12.7±3.4
WD1159−098 0.03±0.01 1756±33 −7.4±1.7 219.6±4.2 −11.2±4.9
WD1201−001 0.04±0.01 1714±20 −11.1±1.7 214.3±2.6 10.0±3.6
WD1202−232 0.16±0.01 2046±21 4.0±1.0 255.8±2.7 7.6±2.3
WD1204−136 0.19±0.02 1571±33 −49.6±4.3 196.4±4.1 −9.5±3.7
WD1204−322 0.07±0.01 1843±25 −15.3±2.2 231.2±3.1 −14.6±2.0
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Table 9. Kinematic parameters of the 398 SPY white dwarfs
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star e Jz U V W
kpc kms−1 kms−1 kms−1 kms−1
WD1207−157 0.11±0.01 1801±32 −34.1±4.4 225.6±4.0 −9.9±3.8
WD1216+036 0.12±0.01 1675±19 32.8±2.2 209.8±2.4 7.0±2.9
WD1220−292 0.15±0.01 1940±20 29.6±2.4 243.8±2.5 −11.2±2.5
WD1230−308 0.13±0.01 1901±26 27.5±2.2 239.1±3.3 4.3±2.4
WD1231−141 0.09±0.01 1795±22 −30.1±2.9 225.0±2.8 −11.5±2.7
WD1233−164 0.09±0.02 1591±28 −3.2±2.5 199.4±3.4 6.3±3.4
WD1236−495 0.13±0.02 1879±48 −33.8±4.2 235.1±6.0 −5.9±2.1
WD1237−028 0.09±0.01 1790±36 −26.7±3.8 224.0±4.5 5.5±5.2
WD1241+235 0.13±0.01 1963±15 20.3±2.0 245.4±1.8 −10.2±3.7
WD1244−125 0.10±0.01 1738±20 −30.7±3.2 217.5±2.5 13.4±2.8
WD1249+160 0.25±0.02 1726±47 78.3±7.4 216.4±5.8 −0.9±2.4
WD1249+182 0.10±0.01 1877±19 −24.1±2.8 234.9±2.3 −11.6±2.5
WD1257+032 0.10±0.01 1819±15 −29.6±3.1 228.0±1.8 16.0±2.8
WD1257+047 0.13±0.01 1533±25 10.3±1.3 192.1±3.1 8.6±2.9
WD1308−301 0.19±0.01 1422±25 7.0±2.4 178.5±3.1 13.1±2.2
WD1310−305 0.10±0.00 1807±17 28.1±1.8 226.9±2.2 −5.9±2.6
WD1314−067 0.08±0.01 1702±21 20.8±2.3 213.8±2.6 −6.9±3.5
WD1323−514 0.48±0.05 1258±84 −134.3±13.5 157.1±10.6 17.7±12.0
WD1326−236 0.06±0.01 1811±20 −17.6±2.3 227.7±2.5 −6.1±2.1
WD1327−083 0.34±0.03 1184±46 −38.9±4.0 148.1±5.8 12.8±2.0
WD1328−152 0.17±0.02 2005±44 6.2±5.7 256.6±5.7 7.6±5.9
WD1330+036 0.21±0.02 1398±36 −19.8±2.8 175.6±4.5 3.1±2.5
WD1332−229 0.17±0.01 1966±22 30.9±3.4 248.6±2.8 −13.5±2.6
WD1334−160 0.04±0.01 1698±23 −6.9±2.8 213.2±2.9 11.2±3.0
WD1334−678 0.35±0.04 1200±59 −53.9±9.0 150.2±7.5 20.9±8.4
WD1342−237 0.08±0.01 1613±25 −7.8±3.0 202.6±3.1 18.8±2.4
WD1344+106 0.24±0.02 1511±33 −62.8±3.9 189.0±4.2 −35.7±4.5
WD1356−233 0.20±0.01 1855±25 −59.6±3.4 232.3±3.2 −19.7±2.4
WD1401−147 0.13±0.02 1543±34 −20.6±3.1 193.7±4.2 −15.1±3.3
WD1410+168 0.37±0.03 1349±53 96.4±7.7 169.6±6.6 −42.3±4.2
WD1411+135 0.18±0.01 2019±15 27.4±2.4 253.8±2.0 14.3±3.9
WD1418−088 0.24±0.01 1738±28 −77.1±4.3 217.7±3.5 −34.2±4.0
WD1420−244 0.09±0.01 1891±20 4.5±3.2 238.9±2.5 −11.7±2.9
WD1422+095 0.11±0.01 1571±23 −12.2±1.9 196.9±2.9 −11.7±3.1
WD1426−276 0.40±0.02 1131±47 73.8±3.1 143.5±5.9 −60.4±7.6
WD1431+153 0.04±0.01 1822±15 −3.1±2.2 228.7±1.8 −3.7±3.1
WD1434−223 0.24±0.02 1963±46 −58.8±4.1 251.0±5.8 −49.4±6.2
WD1448+077 0.62±0.06 −975±207 −154.8±8.1 −122.6±26.1 −14.0±6.7
WD1451+006 0.24±0.02 1404±38 −47.9±3.8 176.8±4.7 18.2±3.2
WD1457−086 0.07±0.01 1795±15 20.2±2.7 226.9±1.8 −10.4±2.8
WD1500−170 0.04±0.01 1765±35 −9.5±4.1 223.7±4.3 −26.3±4.3
WD1501+032 0.20±0.01 1974±21 −47.9±3.3 248.1±2.6 −3.6±3.5
WD1503−093 0.05±0.01 1732±17 −15.9±2.1 217.6±2.0 −8.0±1.9
WD1507+021 0.27±0.03 1245±48 0.3±3.6 157.7±6.0 37.0±3.7
WD1507+220 0.14±0.01 1561±18 −30.1±1.8 196.2±2.2 −43.5±2.6
WD1507−105 0.13±0.01 1777±15 −40.1±2.7 223.2±1.9 8.1±2.4
WD1515−164 0.23±0.01 2007±20 54.5±3.2 253.5±2.6 −9.6±3.2
WD1524−749 0.52±0.02 −1203±146 −137.6±19.9 −154.5±19.0 −16.1±10.7
WD1531+184 0.28±0.02 1380±42 60.5±4.0 173.4±5.2 12.1±3.0
WD1531−022 0.02±0.01 1753±12 5.4±3.6 219.8±1.4 −3.5±3.2
WD1537−152 0.11±0.01 1794±17 −32.4±3.3 226.5±2.0 28.3±3.1
WD1539−035 0.28±0.01 2088±15 64.7±2.7 263.6±2.0 −8.3±3.0
WD1543−366 0.10±0.04 1869±43 −20.3±11.9 236.0±5.3 −0.7±3.7
WD1547+057 0.04±0.01 1804±18 −6.0±4.3 227.4±2.2 12.8±4.1
WD1548+149 0.07±0.01 1769±17 20.6±2.5 222.5±2.1 −1.0±2.4
WD1555−089 0.18±0.01 1625±30 54.1±3.0 204.4±3.7 24.0±2.8
WD1609+044 0.07±0.01 1809±17 19.6±2.6 228.8±2.0 20.1±2.3
WD1609+135 0.21±0.02 1704±27 66.3±4.9 213.4±3.4 8.8±4.4
WD1614+136 0.07±0.01 1735±20 22.1±2.4 219.3±2.5 −5.9±2.1
WD1614+160 0.15±0.01 1794±16 −43.9±2.9 226.7±2.0 −1.3±2.8
WD1614−128 0.37±0.02 1252±44 81.6±2.6 157.7±5.5 13.4±2.3
WD1619+123 0.12±0.01 1892±10 27.5±2.4 237.7±1.3 −14.4±2.4
WD1636+057 0.19±0.02 1429±39 20.1±6.1 179.1±4.9 9.0±4.1
WD1640+113 0.06±0.01 1651±27 8.6±3.2 208.6±3.4 14.5±3.0
WD1655+215 0.18±0.01 1728±24 57.1±3.9 216.2±3.0 −2.6±2.3
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Table 9. Kinematic parameters of the 398 SPY white dwarfs
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star e Jz U V W
kpc kms−1 km s−1 kms−1 kms−1
WD1716+020 0.40±0.03 1033±56 1.0±2.7 129.7±7.0 38.3±3.3
WD1736+052 0.16±0.01 1630±30 44.5±4.5 204.5±3.7 −4.3±2.3
WD1826−045 0.10±0.01 1575±21 −7.1±3.4 197.5±2.6 −11.6±1.4
WD1827−106 0.14±0.01 1504±29 −29.2±3.1 189.1±3.6 −71.8±6.5
WD1834−781 0.41±0.04 1009±55 −56.7±8.8 126.6±6.9 −92.5±6.8
WD1840+042 0.07±0.01 1733±20 −22.5±3.3 217.2±2.4 20.2±1.8
WD1857+119 0.22±0.01 1813±29 −66.2±3.7 227.7±3.7 −6.4±1.4
WD1911+135 0.08±0.01 1729±21 24.2±2.4 216.7±2.6 −8.3±1.2
WD1914−598 0.15±0.01 1728±19 46.1±2.6 217.4±2.4 −14.0±1.5
WD1918+110 0.27±0.01 1944±28 76.3±3.5 244.9±3.5 −44.1±4.4
WD1919+145 0.16±0.01 1988±19 27.8±2.1 248.9±2.3 7.4±0.8
WD1932−136 0.22±0.02 1362±35 22.0±3.2 172.3±4.3 4.6±1.5
WD1952−206 0.31±0.03 1202±52 33.7±2.7 151.1±6.5 −60.7±4.5
WD1953−715 0.21±0.03 1420±42 −34.7±4.4 178.6±5.3 2.7±2.5
WD1959+059 0.20±0.02 1424±34 29.7±4.8 179.0±4.2 27.6±2.7
WD2004−605 0.13±0.03 1899±27 −29.4±7.1 238.5±3.3 0.7±5.3
WD2007−219 0.18±0.01 1509±22 −36.1±3.4 189.2±2.7 10.2±2.4
WD2014−575 0.12±0.01 1790±12 35.0±2.6 224.8±1.4 −31.4±2.1
WD2018−233 0.06±0.00 1819±9 −13.4±2.4 228.5±1.1 6.0±1.7
WD2021−128 0.15±0.01 1801±20 47.7±2.8 226.2±2.4 −0.6±1.7
WD2029+183 0.60±0.01 900±22 −130.3±4.6 114.7±2.8 −25.9±5.0
WD2032+188 0.25±0.02 1378±26 45.4±3.8 172.9±3.3 −25.8±3.1
WD2039−682 0.03±0.01 1727±20 −5.9±3.1 216.3±2.4 −6.2±2.6
WD2046−220 0.14±0.01 1811±9 −41.4±2.7 228.7±1.2 3.3±2.6
WD2051+095 0.28±0.02 2198±29 −26.8±3.1 277.0±3.8 43.5±2.9
WD2058+181 0.23±0.01 1386±21 −33.2±1.9 174.1±2.7 −3.8±2.6
WD2115+010 0.15±0.01 1997±20 −7.5±2.2 251.8±2.5 17.0±2.0
WD2122−467 0.09±0.02 1767±59 −25.7±5.8 222.7±7.4 −16.5±5.6
WD2127−221J 0.10±0.02 1712±37 31.1±5.6 217.0±4.5 −11.0±5.9
WD2134+218 0.15±0.01 1962±20 28.5±1.6 245.5±2.4 24.6±1.7
WD2136+229 0.30±0.01 1350±25 −62.0±4.0 169.3±3.1 18.5±2.0
WD2137−379 0.12±0.01 1865±25 −30.8±3.7 235.8±3.1 17.4±3.4
WD2139+115 0.22±0.02 1802±25 −62.8±5.5 226.8±3.1 −61.2±5.4
WD2151−307 0.07±0.01 1859±10 8.4±3.1 233.9±1.2 −3.0±3.8
WD2156−546J 0.16±0.02 1853±27 −45.5±5.5 234.2±3.2 20.5±5.8
WD2157+161 0.21±0.02 1583±26 −58.4±4.4 199.4±3.2 −26.9±4.0
WD2204+071 0.18±0.01 1998±23 40.5±2.7 250.5±2.9 9.3±2.6
WD2205−139 0.10±0.01 1927±18 7.1±2.2 242.0±2.2 −12.4±3.3
WD2226+061 0.27±0.01 1958±17 76.5±4.2 244.7±2.2 6.5±2.1
WD2226−449 0.21±0.02 1441±46 40.3±4.2 181.1±5.8 −10.9±3.2
WD2240+125.1 0.13±0.01 1858±22 38.5±2.3 232.2±2.8 −9.4±2.5
WD2240+125.2 0.14±0.01 1839±27 43.3±2.8 229.8±3.4 −13.8±2.9
WD2240−017 0.19±0.01 1700±27 60.5±4.0 212.6±3.4 6.8±3.0
WD2248−504 0.13±0.02 1583±29 −29.7±3.3 198.6±3.6 −0.4±2.7
WD2253−081 0.28±0.02 1460±49 −72.7±6.3 182.9±6.1 14.3±5.6
WD2254+126 0.13±0.01 1740±23 −39.9±3.6 217.9±2.9 −7.6±2.9
WD2303+242 0.03±0.01 1711±22 3.8±1.0 213.7±2.7 0.5±2.1
WD2306+124 0.15±0.01 2033±22 5.3±1.3 254.1±2.8 4.4±2.6
WD2306+130 0.06±0.01 1838±24 −8.4±1.4 229.8±3.0 14.5±2.7
WD2311−260 0.08±0.03 1581±53 1.8±5.3 201.1±6.5 −25.7±11.2
WD2314+064 0.12±0.01 1901±27 −24.5±4.5 238.0±3.4 4.5±3.4
WD2318+126 0.24±0.02 1598±22 −70.9±5.9 200.2±2.7 15.0±2.6
WD2318−226 0.17±0.04 1495±69 30.7±7.2 188.0±8.6 −16.6±6.2
WD2321−549 0.10±0.02 1918±30 −5.9±4.1 242.3±3.8 3.5±4.9
WD2322+206 0.10±0.01 1857±19 25.7±1.8 231.7±2.4 21.7±2.0
WD2322−181 0.31±0.03 1538±36 −91.3±7.5 193.1±4.4 −30.6±4.1
WD2324+060 0.16±0.01 1503±23 20.1±1.4 187.8±2.9 3.2±2.8
WD2326+049 0.21±0.01 1962±18 53.7±3.1 245.2±2.3 −3.9±2.8
WD2328+107 0.23±0.01 2079±18 45.6±3.1 259.3±2.3 −9.1±2.3
WD2329−332 0.14±0.02 1985±43 −2.1±5.3 249.6±5.4 −11.9±3.8
WD2331−475 0.07±0.00 1857±12 12.1±2.2 233.1±1.5 14.3±4.7
WD2333−049 0.24±0.01 1920±18 71.9±4.5 239.9±2.2 −4.8±3.7
WD2333−165 0.09±0.01 1853±15 17.2±0.7 231.8±1.9 −44.4±3.0
WD2336+063 0.09±0.01 1897±20 −12.3±3.0 237.1±2.5 −3.0±2.8
WD2347+128 0.26±0.02 1513±26 −70.2±5.9 189.3±3.3 18.0±3.0
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Table 9. Kinematic parameters of the 398 SPY white dwarfs
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star e Jz U V W
kpc kms−1 km s−1 kms−1 km s−1
WD2347−192 0.22±0.02 2005±25 53.0±5.0 251.1±3.1 8.3±4.3
WD2348−244 0.20±0.01 1661±23 61.9±3.4 207.8±2.8 −23.3±4.2
WD2349−283 0.05±0.01 1680±18 10.1±1.0 210.5±2.2 −10.6±2.8
WD2350−083 0.28±0.05 1716±80 −84.0±15.8 215.2±9.9 −47.8±5.3
WD2350−248 0.13±0.01 1955±9 21.7±1.3 244.9±1.2 −7.2±4.9
WD2351−368 0.78±0.06 444±101 76.3±6.2 55.6±12.7 62.8±4.6
WD2354−151 0.09±0.01 1810±29 28.4±3.8 226.6±3.7 −7.2±3.9
WD2359−324 0.66±0.04 696±81 −125.0±9.8 87.4±10.2 −88.5±4.1
WD2359−434 0.07±0.02 1767±21 −16.8±3.0 220.9±2.7 64.9±8.7
